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PREFACE 

The following chapters are placed before students of 
Building Construction, Applied Mechanics, and Machine 
Construction and Drawing, in the hope that they may 
be of service to those who desire aid in the study of the 
" Statics " branch of these subjects. 

It should be stated that, in the chapter on Graphic 
Arithmetic, only such matter has been introduced as 
is deemed necessary for the study of the succeeding 
chapters. 

The author desires to express his gratitude to Pro- 
fessor Henry Adams, M.I.C.E.. M.I.M.E., F.S.I., etc., 
for his kindness in reading through the MS., and for 
his valuable help and advice. 

EDWARD HARDY. 

Saxatile, Merthyr Tydfil, 
December, 1903. 
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CHAPTER I 

GRAPHIC ARITHMETIC 

i. In ordinary arithmetic a number (unity) is chosen, 
and all quantities expressed in multiples of that num- 
ber : thus, 5 means that unity is taken 5 times, and 
4-5 means that unity is taken 4-5 times. 

Calculations are then made arithmetically. 

2. Instead of expressing unity by a figure we can 
express it by a line. All other quantities are then 
represented by lines whose lengths are proportional 
to the magnitudes they represent. 

Let a line £" long represent unity, then 5 would be 
expressed by a line five times as long, and 4-5 would 
be expressed by a line four and one-half times as long. 
Again, let a line §" long represent one article (or 1 yd., 
1 hr., etc.), then 12 articles (or 12 yds., 12 hrs., etc.) 
would be shown by a line twelve times as long, i.e. by 
a 9" line. 

It will thus be seen that, after having decided upon 
a unit length, any quantity, whether abstract or con- 
crete, can be expressed by lines. 

When the quantities are represented by lines, the 
calculations are made by means of geometrical draw- 
ings, i.e. " graphically." 

3. This work, being intended fox &tvu3&!&& ^V<5> ^x^ 

9 



10 ELEMENTARY PRINCIPLES OF GRAPHIC STATICS 

already familiar with geometry, it is assumed that 
scale drawing is understood. 

A rule, with all the divisions continued to the edge 
and with the inch and the subdivisions of the inch 
(h h h h t> e ^ c -) being divided into tenths, will be 
found the most convenient. An ordinary flat rule 
marked on both faces would contain 8 such scales, 
while a triangular one would contain 12. 

The measurements should be transferred to the 
paper (or read off) by applying the edge of the rule 
directly to the line, and not with the dividers. 
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Fig. 1. 

4. The numbers 1, 2, 3, etc., can also be read as 10, 
20, 30, etc., when the tenths will become units and 
the hundredths will become tenths. In a similar way 
they may be read as hundreds, thousands, etc. 
For example see Fig. 1, where : — 

if §" = 1 unit, then A B = 1-75 units 
„ |" = 10 units, then AB= 17-5 „ 

„r = ioo „ „ ^5 = 175. „ 

„ r = 1000 „ „ A B = 1750- „ 
and, if f" = 1 yd.,1 lb., etc., then C D = 2-4 yds., lbs., etc. 
„ „ r = 10 yds., lbs., etc., „ C D = 24 „ „ 
„ „r = 100 „ „ „ „ CD = 240- „ „ 
„ „r=1000 „ „ „ „ CD = 2400,, „ 
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GRAPHIC ARITHMETIC 11 

5. Sometimes the unit is given by means of a line 
whose length is not stated. In order to find the 
numerical value of a line when the unit is given thus, 
it is advisable to divide the unit line into tenths, plot 
off as many units as possible, and state the remaining 
portion (if any) as decimals. 

Let A be a line whose magnitude is required, and B 
the unit line. 

"Divide B into tenths. 



■4- 



1 1 1 1 1 1 1 1 1 1 j Q 

Fig. 2. 



It will be seen that B can be plotted 3 times along 
A, and the remaining portion of A is equal to 7 tenths 
of B. 

A, therefore, represents 3-7 units. 

6. Addition. — Let it be required to add 1-7 yds. to 
1-35 yds. 

Take any convenient scale, as 1" = 1 yard. Set off 
A B (Fig. 3) = 1-7, and adjoining this, and in a straight 
line with it, set oK B C = 1-35. 



B 

Fig. 3. 



It is now evident that A C equals the sum of A B 
and B C, and, by applying the scale to it, it is found 
to be 305, i.e. the sum = 305 yds. 

7. Find the sum of 5-4 tons, 4-7 tons, and 3-2 tons. 

Adopt a scale — say \" = 1 ton. Set off Afi, BC 
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and C D (Fig. 4) in a straight line, and equal to 5-4, 
4-7 and 3-2 respectively. Then A D = their sum, and, 



A B C 

Fig. 4. 

if measured, will be found to represent 13-3 tons. 
8. Subtraction. — Take 42-5 lbs. from 73 lbs. 



B 



Fig. 5. 



Let the scale be £" = 10 lbs. Draw A B = 73 lbs. 
(Fig. 5), and from B set back along B A, BC = 42-5 
lbs. A C is now the remainder, and by measurement 
this is seen to represent 30-5 lbs. 

9. It should be noted that all positive numbers, or 
plus values, are set off in one direction, usually from 
left to right, while the negative numbers, or minus 
values, are measured back in the opposite direction. 

10. Example. — Simplify (37 — 42 — 3 + 41) tons. 
Take a scale such as §" = 10 tons. 
Commencing at the point A, measure off A B = 37 

tons to the right, as in Fig. 6. From B mark off B C 
= 42 tons, but, since the 42 tons are to be subtracted, 
B C must be taken in the opposite direction to A B. 
From C measure C D = 3 tons. This again being 
negative, it must be taken in the same direction as B C. 
From D measure D E = 41 tons. This being positive, 
it must be taken in the same direction as A B. 



OCA £ B 

Fig. 6. 
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The distance from A to E (i.e. the first and last 
points) will give the answer. In the example given it 
will be noticed that the point E comes on that side of 
A towards which the positive quantities were taken, 
therefore A E is positive. If E had come on the other 
side of A, then the answer would have been negative. 

ii. Similar Triangles. — Before proceeding to 
multiplication and division, it is necessary to study 
the relationship between similar triangles. Similar 
triangles are those whose angles are equal, each to 
each— i.e., if the two triangles ABC and D E F (Fig. 7) 
be similar, the angle A B C is equal to the angle D E F ; 
the angle B AC = the angle E D F ; and the angle 
A C B = the angle E F D. 





Fig. 7. 

If two angles of one triangle be equal to the two 
angles of another triangle, each to each, then, since 
the three angles of every triangle = 180°, the third 
angle of the one is equal to the third angle of the other, 
and the triangles are similar in every respect. 

The particular point to be noted concerning similar 
triangles is that the sides of the one bear the same 
relation to each other as do the sides of the other tri- 
angle, each to each ; that is, if A B (Fig. 7) be twice 
BC, then DE is twice E F ; or, if A C be 1J times 
A B, then D F is 1£ times D E. 
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This comparison is true of any two sides, providing 
the sides chosen in the one triangle correspond with 
those chosen in the other. 

12. It is also true if the perpendicular height be taken 




B 



C 




Fig. 8. 



as a side, because it can easily be shown that the tri- 
angle A C (Fig. 8) is similar to the triangle D X F 9 
or that the triangle A B is similar to the triangle 
DXE. 

13. The relationship between the sides of similar 
triangles is generally expressed as follows : — 

A B is to B C as D E is to E F (see Fig. 7), and 
written A B : B C : : D E : E F. 

But this is proportion, and the product of the ex- 
tremes is equal to the product of the means : 
therefore ABxEF = BCxDE, 

BCxDE 
and A B = — YF~ 

Similarly any one side can be found in terms of the 
others. 

14. Multiplication, Division and Proportion can each 
be worked by means of similar triangles. 

Multiplication. — Let it be required to find a line 
2*3 times as long as a given line A. 



GRAPHIC ARITHMETIC 



15 



Take a scale such as 1" = 1 unit, 
unit, a,n& BD = 2-3 units (Fig. 9). 




Draw BC = 1 
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Scale of Units 

Fig. 9. 

From C erect a perpendicular C E equal to the given 
line A. Join BE and produce it until it meets a 
perpendicular from D at F. 

Then D F = 2-3 times 22 or 2-3 times as long as 
the given line A. 

15. Division. — Divide a given line A by 2-3. 
Draw a line B C = 1 unit, and B D = 23 units 

(Fig. 10). From D erect a perpendicular D F equal to 
the given line A. Join BF, and from C erect the 
perpendicular C E, meeting it at E. 

Then G E represents the quotient of D F, or A divided 
by 2-3. 

16. Proofs.— Since the triangles EBC and F BD 
(Figs. 9 and 10) have the angle F B D common to both, 
and the angle E C B = the angle F D B, both being 
right angles, then the two triangles are similar in every 
respect (§11). 
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Scale of Units 
Fig. 10. 



Therefore DF : BD : : 
CE x BD 



and D F = 



also C E = 



BC 
DF x BC 

B~D 



CE : BC 
(1) 

(2) 



2 



But B C = 1 unit and J? Z> = 2-3 units, 

0^x2-3 
therefore DF = r =CE x 2-3, 

DIP x 1 
and (7 # = ^— =DF + 23. 

17. Proportion. — It should be noticed that multipli- 
cation and division are simply proportions where one 
of the quantities of the known ratio is unity. 

The equations 1 and 2 are true whatever values are 
given to B C and B Z>, provided that they are properly 
set out to scale, so the construction for a problem in 
proportion is similar to that for multiplication and 
division. 
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Notes : — 

1. B G and B D must be drawn to the same scale. 

2. DF must be measured by the same scale as 

that by which C E is drawn, and vice versa. 

3. C E (Fig. 9) and D F (Fig. 10) were each drawn 

equal to a given line, but they could have been 
drawn to scale equal to any known quantity. 

4. A different scale may be used for B C and B D 

to that used for C E and D F. 

5. The perpendicular representing the known 

quantity must be erected at the end of the 
line shown in the denominator of the equations 
1 and 2. 
18. Examples. — Multiply 350 lbs. by 1-7. 
Let the scale for the multiplicand be §" = 100 lbs., 
and the scale for the multiplier be 2 // = 1 unit. 

By the second scale set off A B = 1 unit, and A C 
= 1-7 units (Fig. 11). £ 




Fig. 11, 
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From B draw the perpendicular B D = 350 lbs. by 
the first scale. 

Join A D, and produce it to meet the perpendicular 
G E. By applying the first scale, G E will be found to 
represent 595 lbs. 

19. Find the product of the lines A and B if the line 
G be the unit. 

Draw DE = C, and D F = B (Fig. 12). 




Fig. 12. 



Fig. 13. 



At E erect the perpendicular EG = A. Join D G, 
and produce it to meet the perpendicular F H at H. 

Then F H is the product of A and B. 

N.B. — The result would have been the same if D F 
were made equal to A, and E G equal to B. 

20. Divide 42-5 yards by 3-4. 

Make A B and A G equal to 1 and 3-4 units respec- 
tively. At G set up CD equal to 42-5 yards by scale. 

Join A D and erect the perpendicular BE. BE 
measured to scale gives 12-5 yards. 

21. Find five-sevenths of a given line. This may 
be stated as a proportion, thus : 
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7:5:: given line : required part. 

therefore the required part = — 

Taking a suitable scale, make 
AB = 5 and AC = 7 (Fig. 14). 
7 is the denominator in the 
above equation, and it is repre- 
sented by A C. Therefore from 
C erect the perpendicular G D 
equal to the given line. Join 
A D, and from B erect the per- 
pendicular B E meeting it at E. f\ 
Then BE = \CD. 

22. If a rod of iron 3-2 yds. long weighs 12-6 lbs. 
what would be its weight if it were 7-5 yds. long ? 

The proportion is 3-2 yds. : 7-5 yds. : : 12-6 lbs. : 

x lbs. 

126 lbs. x 7-5 
therefore x = ^ . 

Draw A B and A C (Fig. 15) equal to 3-2 yds. and 

E 



B C 



Fig. 14. 
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7-5 yds. respectively. From B erect the perpendicular 

B D = 12-6 lbs. Join A D, and produce it until it 

meets the perpendicular C E. Then C E = 29-5 lbs. 

23. The preceding examples, 18 to 22, could have 

been solved equally well by using another diagram. 

12-6 lbs. x 7-5 
In the last exercise x = — Q 

Draw A B and A C (Fig. 16) equal to 3-2 and 7-5 
respectively. 

At A erect the perpendicular A D equal to 12-6 

lbs. 

Since A B represents the 
denominator in the above 
equation, join B to Z>. 

From C draw C E parallel 
to B D until it meets the 
perpendicular from A at E. 

Then A E = x = 295 
lbs. 




Examples to Chapter I. 



A 



Ex. Ch. I.— Fig. 1. 



tf 



1. What does A B (Fig. 1) show :— 

(a) With a scale of J" = 1 unit. 

(b) With a scale of f" = 1 yard. 

(c) With a scale of f " = 1 ton. 

(d) With a scale of T 7 /..= 1000 lbs. 

2. Taking a convenient scale, graphically determine 
the following : — 

(a) The diagonal of a square whose sides are 36 ft. 
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(b) The perpendicular height of an equilateral 

triangle with 15" sides. 

(c) The height of a wall, if a 24 ft. ladder leaning 

against it, with the foot 7-5 ft. from the wall, 
just reaches the top. 

(d) The length of the different members in Fig. 2. 




Ex. Ch. I.— Fig. 2. 

3. Draw a line 2" long, and find |. of it. 

4. Find the sum of A and 5 (Fig. 3) if the unit line 
measures |". 

5. Find the product of A a 

and B (Fig. 3) if |" = 1 unit. ^ ' ' 

6. Draw two lines, A 2-3 B { ' 

inches long, and B 1-5 inches Ex. Ch. I.— Fig. 3. 
long. 

If the scale be \" = 1 unit, graphically determine 
A 
B+ K 



Chapter IT 
FORCE 

24. Force & (a) that which tends to move a body, 

or (b) that which tends to stop a body 

when it is moving, 

or (c) that which tends to change the 

direction of a body when it is moving. 

In this work it is only intended to deal with force as 

denned in (a). No reference will be made to velocity, and 

only bodies which are in a state of rest relatively to 

neighbouring bodies will be treated upon. 

25. Force is measured in units of lbs., cwts., or tons: 

26. We have already seen that lbs., etc., can be repre- 
sented by lines drawn to scale. Hence, if the magni- 
tude of a force be known, a line may be drawn whose 
length will be proportional to the force. 

27. Force must be exerted in a certain direction ; 
the line representing it must, therefore, be drawn in that 
direction. 

28. An arrow can be placed on the line indicating 
the sense of the force, that is, showing in which direction 
along the line the force is acting. 

Example.— If tf = 10 
" lbs., then A represents a 
force = 32 lbs. acting from 
left to right, and B a 
downward force = 15 lbs. 
29. The point of appli- 
cation (i.e. the place at 
which the force is applied) must be known. 

24 
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30. When the magnitude, direction, sense, and point 
of application of a force are known, the force is said to 
be known. 

These four points should lie clearly understood, and 
always kept in mind. In determining a force the 
student must see that he finds all four. 

31. Resultant. — If a number of forces (whether 
parallel or otherwise) act on a body, and move it in a 
certain direction, it is evident that another force could 
be found, which, acting in that direction, would do 
the same work. 

This force is called the resultant of the others. 

32. Equilibrium. — If the resultant of a number of 
forces be zero, then they are said to be in equilibrium- 
If tliess forces he applied to a body in a state of rest, 
then it will still remain at rest. 

33. Equtlibbant.— When a body is not in equilib- 
rium it moves in a certain direction with a force which 
has a resultant. Another force equal to the resultant 
in magnitude, acting iu the same line and opposite in 
sense, would produce equilibrium. 

This force is called the equilibrant, 

34. The equilibrant and the resultant of a system of 
forces are always equal in magnitude, act in the same 
line of direction, and are of opposite sense. 

Note. — By old writers the word direction meant line 
of action and sense together, and in common language 
direction is still used in tliis way. 

35. If a number of forces be in equilibrium, any one 
of them is the equilibrant of the others, and if the sense 
l>e reversed, it will represent their resultant. 

For, if a system of forces be in equilibrium, each force 
helps to maintain it, and theremavaAoiw^ ows <&.Mos5w»- 
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would cause the remainder to move along the line 
which it was acting, and in the opposite direction. 

36. Parallel Forces. — Forced arc said to he paralk 
when the Vines along which they act are parallel. 

Suppose forces equal to 5, 3, and 8 lbs. to be acting 
one direction, and forces equal to 4, 7, and 2 lbs. in t 
opposite direction. In the one direction a force 
to 16 lbs. would be acting, whilst against that a foi 
equal to 13 lbs. would be exerted. The whole systei 
will have a resultant of 3 lbs. acting in the first direetJoi 
The 3 lbs. represents the resultant of the 6 forces, ai 
acts in the direction of the 16 lbs. 

If a force equal to 3 lbs. be added to the second 
of forces, or taken from the first, then the whole syste; 
would be in equilibrium. 

37. In dealing with parallel forces those acting 
one direction are taken as positive, and (hose actii 
in the opposite direction as negative. The al^ebiaii 
sum of all the forces will represent the resultant, 
it will act in the direction of those whose sum is tl 
greater. 

38. If this siun be zero, then all the forces 
are in equilibrium, and, conversely, if 
system of parallel forces be in equilibrium, 
then the algebraical sum — 0. 

Fig. 17 represents a force A li acting on 
point A. If only this force were acting on 
it would move in the direction of A to B, ai 
to keep it in equilibrium, another force A C 
equal to A B, and pulling it in the opposite 
direction, must lie introduced. 
C Figs- 18 and 19 show how by moans of two 

Fin. 17. spring balances the student can prove [or 
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Fig. 18. 



himself that the sum of all the forces acting 
downwards is equal to the sum of the forces 
supporting them. Of course, the weight of 
the pulley (Fig. 18) or the bar (Fig. 19) must 
be added, as it 

exerts a down- V y^ 

ward pressure. 
Fig. 20 repre- 
sents a beam 
carrying three 
loads. On ex- 
amination it 

Fia. 19. 




1 J" i 




'A 



1 



Fig. 20. 



will be seen that 
the two walls act in just the same way as the bal- 
ances in Fig. 19. Hence 
the force exerted by the 
two walls together must 
equal the sum of all the 
forces acting downwards, 
together with the weight of 
the beam. 

39. Reaction. — When a force acts on a body it 
produces a resisting force from that body. This second 
force is always equal to and opposite to the first. 

The beam with its load (Fig. 20) exerts a force on 
the walls, and this produces a resistance from each 
wall equal to the portion of the weight it has to carry. 
These resistances are called the reactions of the wall. 

40. Moments. — It now becomes necessary to ascer- 
tain why the point of application of a force should be 
known. Place a book or similar object at A B C D 
(Fig. 21) on a table. Apply a force, as shown at P. 
This will cause the book to rotate <^stf^E«Safc.> \^-« ^ 
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the same direction as the hands of a clock. If the 
force be applied near A, it will rotate in the opposite 
direction, or anti -clock wise. By applying the force at 
different points, the student will find that to move 
the book forward he must apply a force in a direction 
which, if produced, would pass through the point G. 

Again, let him take a lath, holding it horizontally 
by one end. Place a 1 lb. weight 1 ft. from the hand. 
He will find that the weight causes the lath to try to 
rotate witli his hand as the centre of rotation, and iic 
also experience;! a difficulty in counteracting this rota- 
,p tion. If he moves the weight, 
2 ft. from the hand, he will 
find the tendency to rotate 
twice as great, and that it is 
twice as difficult to keep the 
weight in position. 
Fl °- - 1 - 41. From this it will he seen 

that the greater the distance the weight or force is 
from a certain point, the greater is its tendency to 
produce rotation round that point. 

42. This tendency of a force to produce rotation is 
called the Moment of the force, or Bending Moment. 

43. If a force passes through the point chosen, and 
the point is supported, the force cannot produce rota- 
tion, hence there is no Moment. It acts simply as a 
force. 

44. Referring again to the weight supported on the 
lath 2 ft. from the hand, it is wrong to say that the 
strain on the hand is 2 lha. because only 1 lb. is sup- 
ported. How, then, shall the moment be measured '. 
It is now clear that it will depend directly upon the 
magnitude of the force, and upon the perpendicular 
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distance of the line of action of the force from the 
point on which it is supposed to rotate. 

Hence, in the last example the strain on the hand 
is 1 lb. x 2 ft. = 2 ft.-lbs. 

As before explained, the unit of force is generally 
expressed in lbs., cwts., or tons, and the unit of length 
in inches or feet, so the moment of a force would be 
expressed as — inch-lbs., ft.-lbs., ft.-cwts., etc. 

45. The moment of a force which produces clock- 
wise rotation is generally taken as negative, and that 
producing rotation in the opposite direction as positive. 

We will now proceed to find 
the moments in an example. A< ^ 5 ii 

The student should again use • 4 

his spring-balances, and arrange Y A lbs & 

them as in Fig. 22. To prevent ' 6 

the arrangement being cumber- 
some, he can take an inch for his unit of length and 
mark off the inches on the bar. 

In the example shown the bar is 8", and the weight, 
which is 6 lbs., is shown 3" from one end. The balance 
nearer the weight now registers 3| lbs., and the other 
2J lbs. 

The system shows three parallel forces in equilibrium, 
and the force acting downwards is equal to the sum 
of those acting in the opposite direction. 

Any point can now be selected, and the moments of 
all the forces about that point ascertained, care being 
taken to prefix the + (plus) or — (minus) signs, as 
already explained. 

First let the centre of the beam be taken as the point. 

This must now be considered as a pivot on which 
the beam can turn. 
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The R lbs. would cause it to turn clockwise, and is 
1" from the point, so (lie moment is — 6 inch-lbs. 

The 3| lbs. would cause it to revolve in the opposite 
direction, and is 4" from the point, so the moment is 
+ 15 inch-lbs. 

The 2J lbs. is 4" away, and would cause clockwise 
motion, so the moment is — 9 inch-lbs. 

The algebraical sum of the moments of all the fore 
about this point is { — 6 + 15 — 9) inch-lbs. = o. 

Take the point y 2" from .-1 h shown (Fig. 15). 

The moments are + (2| lbs. x 2") - (6 lbs, 7") 
+ {31 lbs. x 10*) = (4J - 42 + 371) in.-lbs. = o. 

Lastly, take a point through which ono of the forces 
acta. Then by § 43 the moment of that force is nil. 
Taking the point />', the only forces producing rotation 
are the 2J lbs. and the 6 lbs. 

The moments are (2j x 8 — 6 x 3) in. lbs. = 
(18-18) in. lbs. =o. 

46. From the foregoing example it will be seen that — 
If a system of forces be in equilibrium, the algebraical 

sum of the moments of all the forces about any point 
is zero. 

47. The converse of this is also true, so — 

If the algebraical sum of the moments of all the forces 
in a system be zero, then the system is in equilibrium. 

48. Further — 

The moment of the resultant of any number of farces 
about any point is equal to the algebraical sum of the 
moments of all those forces about the same point. 

For, taking Fig. 22. the force at A may be considered 
the equilibrant of the other two, and, if the sense be 
reversed, it will represent the resultant of the same 
two, l§ 35). 
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Take the moments about the centre. 

The force at .4 now acts downwards, so (In- moinnit 
of thia force ia 2} lbs. x 4" = + 9 in. -lbs. 

The momenta of the other two forces are (15 — 6) 
in. -lbs. = + 9 in. -lbs. 

49. If, then, it be necessary to find the moments 
of a number of forces about a point, it is sufficient to 
find the moment of the resultant of those forces about 
that point. 

50. The knowledge we have gained of these moments 
is of great assistance in determining forces. 

Fig. 23 represents a beam rest- . 

ing on two walls, .4 and B, 12 ft. | b 

apart, and carrying a load of 6 ft 1 7], j, 

tons 4 ft. from B. V/yX. .g : kCfJfflfc 

It is necessary to find what 
portion of the load each wall Fl °- 23 - 

carries. 

The reactions of A + B = 6 tons. 

There are two unknown forces, so we will take the 
momenta about the point B to eliminate the moment 
of that force (§ 43). 

Let A'h share of the load be called x tons. 

Then 6 tons x 4' — x tons x 12' = o (§ 46), there- 



6 tons x 4', and x tons = 
are. But A+ B = 6 



6 tons x 4' 
= 12' 



fore x tons x 12' = 

= 2 tons = il's e 
fore B's portion is 



51. The student will recognize x tons = ■ 

as a proportion (§ 13), hence a: may be found graphically. 

In the above expression there arc feet and toi 
hence two different scales ewe neeee&a.'V3, , 0&fc ws» ''*• 
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out the length of the beam and the position of the load, 
and the other by which to draw the magnitude of the 
load. 

The former is an ordinary lineal scale, and the latter 
is known as the force scale. 

Set out the beam to scale (say \" = V), and mark 
the position of the load (Fig. 24). 

To find -4's load, set up at A the perpendicular 
A D = 6 tons by scale (say J" =± 1 ton). 

Join B Z>, and erect the perpendicular C E to meet it. 




Fig. 24. 

Then C E= x (§ 13)=^4's load drawn to scale =2 tons. 

To find B'a load, draw from E the line E F parallel 
to A B. Since A F = C E = A 9 * load, and A D = 6 
tons, therefore F D = i?'s load = 4 tons. 

52. Fig. 25 represents a beam supporting two loads. 

Find the reactions of the supports. 

Let A again = x tons, and take the moments about B. 

Then 4 tons x 8 ft. + 5 tons x 12 ft. — x tons 
x 18 ft. = 0, 
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6 1 tons u I tons 





60- ■*■ 'CO- **■ 
Fig. 25. 



£0 - 



so x tons x 18 ft. = (32 + 60) ft.-tons, 

(32 + 60) ft.-tons 

and x tons = vttt. — ~~ = && tons = ^4's load, 

18 ft. y 

Therefore B's load = 9 tons — 5J- tons = 3$- tons. 

To find these reactions, as shown in Fig. 24, would 
necessitate two figures and the answers added together* 
In Chapter V a better method will be shown for graphi- 
cally finding the reactions when there is more than one 
load. 

53. If the beam carries a uniformly distributed load 
over its whole length, then each support carries one- 
half the total load. 

54. To ascertain this arithmetically or graphically 
the whole load must be considered as concentrated 
at its centre of gravity, which will be over the centre 
of the beam. 

55. If the load be uniformly distributed over a 
portion of the length of the beam, the load must be 
treated as acting at its centre of gravity. 

56. Point of Application of the Resultant of 
Parallel Forces. — It was pointed out (in § 31) that 
the resultant of a number of forces is the force whiclr 
can be substituted for them, and, in the case of parallel 
forces, it is equal to their algebraical sum. 

It is now necessary to find the ^joint oi ^^ms^ssss. 
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of the resultant, that is, a point in the line along which 
the resultant would act to do the same work as the 
forces for which it is substituted. 

Since the algebraical sum of the moments of all the 
forces about a point is equal to the moment of the 
resultant about the same point (§ 48), and the moment 
of the resultant about the point through which it 
acts is zero (§ 43), then the algebraical sum of the 
moments of all the other forces about that point is 
zero. 

57. First Case. To find the point of application 
of the resultant of two forces when they act in opposite 
directions. 

Let two forces, A and 

fi B, of which B is the 

greater, act in opposite 



I 



(no x y p n directions. 

FlG 26 Draw a line m n per- 

pendicular to their lines of 
action, and meeting them at x and y (Fig. 26). 

It is now necessary to find a point in. mn such that 
the algebraical sum of the moments of A and B about 
that point will be zero. 

An examination of the figure will show that the 
point cannot be between a; and y because the two forces 
would cause rotation in the same direction about any 
point in x y. 

Take any point o outside the smaller force. 

If this be the point, then A.o x = B.o y. 

But A is less than B, and o x is less than o y, and the 
product of two smaller quantities cannot be equal to 
the product of two greater ones. 

Hence, the required point cannot be outside the 
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smaller force. It must therefore be outside the greater 
force, and, if p be the point, will be such that B.py = 
A.px. By § 37 the resultant is equal to B— A. 

Example. — If two forces equal to 9 lbs. and 4 lbs. 
act in opposite directions, find the resultant force and 
its point of application when the distance between the 
forces is 5 ft. 

Adopt a lineal and a force scale. 

Draw any line xy per- *% 
pendicular to the lines of 
action of the forces (Fig. 
27). 

Let A be the point where 
the smaller force would meet 
it, and B the point of inter- 
section of the greater, 5 ft. from it. 

From A erect a perpendicular A C = 9 lbs., and 
from B, BD=z4: lbs. 

Join C D and produce it to meet xy in 0. 

Then is a point in the line of action of the re- 
sultant. 

The resultant force is (9— 4) lbs. =5 lbs., and it acts 
in the same direction as the 9 lbs. 

Proof. — The triangles C A and D BO are similar. 
Therefore CA:A0::DB:B0 
and CM xB0 = DBxA0. 
But C A = 9 lbs., and D B = 5 lbs., 
therefore 9 lbs. x B = 5 lbs. x A 0. 

The distance of from either A or B can be obtained 
by applying the lineal scale. 

58. Second Case. To find the point of application 
of the resultant of two forces when they act in the 
same direction. 



v^ 
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Let two forces, .4 and B, of which B is the greal 
act in the same direction. 

Draw a line m n perpendicular to their lines of acti 
and meeting them at x and y (Fig. 28). 
Suppose a point to be taken to the left of A. 
The forces A and B would cause rotation in the same 
direction around this point, hence the algebraical 
of their moments cannot be zero. 
The resultant, therefore, cannot be to the left of A, 
Similarly it cannot act to the right of B. 

It must therefore act 
tween A and B. 

Suppose it acts t hrouj 
the point o. 
_ Then A.ox - B.oy 
fit X C TJ n and A.ox = B.o y. 

Fl(1 2x But B was taken greater 

than .4, therefore oy must 
be less than o x. that is, the point o must be nearer 
the greater force. 

59. Hence, if two forces act in the same direction, 
the line of action of the resultant is between them, and 
nearer the greater force, and by § 37 the resultant 
is equal to the sum of the two. 

60. If the two forces be equal, the line of action of 
the resultant will be midway between them. 

61. If the point of application of one force be joined 
to that of another like force, the restdtant must pasa 
through the line joining them. 

6z. Example.— Two parallel forces equal to 7 lbs. 

and 9 lbs. are 8 ft. apart, and act in the same direction. 

Find the magnitude of the resultant and where it acls. 
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Adopt two scales — say, lineal scale J" = 1 ft. 

and force scale J" = 1 lb. 



x A 



R-q+Tlbs. 
D 




Draw any line x y crossing their lines of action at 
right angles. 

Let A (Fig. 29) be a point in the line of action of the 
smaller force, and at this point erect the perpendicular 
A C equal to 9 lbs. 

Let B be a point 8 ft. from it in the line of action of 
the larger force, and from B erect the perpendicular 
B D equal to 7 lbs. 

(Note the perpendiculars are drawn inversely to the 
magnitude of the forces.) 

Join A D and B C, then the point o where these lines 
intersect is a point in the line of action of the resultant. 

Through o draw the perpendicular m n. 

Then m n represents the resultant, whose magnitude 
is equal to the sum of the forces 16 lbs., whose line of 
action is through o, and which acts in the same direction 
as the other two forces. 

Proof. — Draw por parallel to x y. 

The trianglea A o C nu3l DoB *st* «ssa». 
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therefore A C : op : : B D : or 
and AG x or = B D x op. 
But A C = 9 lbs., and B D = 7 lbs. 
Therefore 9 lbs. x o r = 7 lbs. x op, 
or 9 lbs. xor-7 lbs. x op = o. 

Severs. 



W 



i% i 



T 



t/* 



W (b) (0 

Fig. 30. 

63. Fig. 30 represents the three orders of levers (a) 
being the first order, (b) the second, and (c) the third 
order. In each case W means the weight or resistance, 
P the power, and F the fulcrum. 

The distance from the fulcrum (F) to the weight (W ) 
is called the " weight arm," and the distance from the 
fulcrum to the power (P) is called the " power arm." 

64. To solve problems on the lever arithmetically 
the moments of W and P about F are taken. 

The moment of W about F = the moment of P 
about F, 

therefore W x the weight arm = P x the power arm, 

P x power arm 



and W = 



and P = 



and power arm 



and weight arm =■ 



weight arm ' 
W x weight arm 

. . . — • 

power arm ' 

_ weight arm x W 



P 

power arm x P 



W 
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65- It will l>e noticed that the equations are similar 
to those used for graphically working proportions, 
therefore problems on the lever may be similarly solved. 

Let B C (Fig. 31} be a lever of 
the first order, with A B as the 
weight arm, and A C the power 
arm. 

(n) To rind the weight, 
draw the perpendicular 
B D, equal to the power, 
at the end of the weight 
arm, and join A D. From 
draw E parallel to g 
A D and meeting the per 
pendicular iEatff, Fic - 31. 

Then A E is the required weight drawn to scale. 

(b) To find the power, draw the perpendicular A E 
equal to the weight at the end of the power arm, and 
join C E. From A draw A D parallel to C E until it 
cuts the perpendicular from B at D. 

Then B D = the power. 

(c) To find the power arm, draw the per- 
pendiculars B D and A E equal to the power 
and weight respectively. Join DA. From 
E draw the line E C parallel to DA. The 
interception of the line E C with 
the lever determines the length D 
of the power arm. 

(d) In order to find the 
weight arm, the diagram is 
modified a little, as shown D 
in Fig. 32. 

The weight is set up tram. 
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G instead of from A, and the power from A instead 
of from B. The line DB being drawn parallel to 
A E determines the length of A B. The power or 
weight can also be found with this diagram. 
Proofs for (a), (b), and (c) — 

The triangles ABD and G A E (Fig. 31) are similar, 

therefore D B : A B : : A E : A C, 

and DBxAG = EAxAB: 

i.e. W x weight arm = P x power arm. 





Fig. 33. 

(d) can be similarly proved. 

66. Second and Third Order of Levers. 

Suppose A B and A G (Figs. 33 or 34) to represent 
the power arm and the weight arm respectively of a 
lever of the Second Order (or Third Order). 

(a) To find the weight, draw the perpendicular A D 
equal to the power. Join G D, and from B draw B E 
parallel to G D until it intercepts the perpendicular A E. 

Then A E = the weight. 

(b) To find the power, draw the perpendicular A E 
equal to the weight. Join B E, and from G draw G D 
parallel to B E. 

Then A E = the power. 
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(c) To find the power arm, set up A D equal to the 
power, and A E equal to the weight. Join D and 
draw E B parallel to C D. The point where E B inter- 
cepts the lever is the end of the power arm. 

(d) To find the weight arm, set up A D and A E as 
before. Join B E. From D draw D C parallel to B E. 
The point C is the position of the weight, and A C is 
the weight arm. 

67. The " weight " and " power " in the First Order 
of levers form a good illustration of " like parallel 
forces " (g 58), the point of application of the resultant 
being at the fulcrum. 

Since the lever is in equilibrium, the resultant must 
be balanced by an equal and opposite force. This 
second force is the reaction of the fulcrum, and is equal 
to the sum of the weight and power. 

Similarly the second and third orders of levers illus- 
trate " unlike parallel forces " {§ 57), the reaction of 
the fulcrum again being equal and opposite to the 
resultant of the two forces. 




Fig. 35. 
68. It will be seen by Fig. 35 iVwfc. *t iMsfcj&K-wst \ 
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a lever of the first order, the fulcrum (F) being the 
point on which the lever tends to turn. The power 
(P) is supplied by the weight of the wall built on the 
lever. 

69. A beam supported at both ends is a lever of the 
second order. 

Either end may be considered as the fulcrum, if the 
other be treated as the power. 




Fig. 36. 

70. Levers need not necessarily be straight bars. 
They may be curved, as in Fig. 36 (a), cranked as in 
Fig. 36 (c), (d) and (e), or of any other form. The 
only essential point is that they should be rigid. 

71. The "effective leverage" is the perpendicular 
distance from the fulcrum to the line of action of the 
force. This does not always correspond with the 
lengths of the weight and power arms, as will be seen 
by referring to Fig. 36 (a), (b), (c) and (d). 

In each of these cases the weight and power arms must 
be taken as represented by F A and F B respectively. 
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72. A little consideration will show that the most 
economic way to utilize a power is by placing it at 
right angles to the power arm, because that is the way 
by which the greatest " effective leverage " can be 
obtained. 

73. If either the power or the weight (or both) be not 
perpendicular to their respective arms, the solutions 
can be worked in very much the same way as pre- 
viously shown. For, let OF A (Fig. 37) represent 
a lever with the weight acting perpendicularly at A, 
and the power in the direction shown at 0. Then FA 



Fig. 37. 

will represent the leverage of the weight, and F B the 
leverage of the power. 

At A erect the perpendicular A C equal to the power, 
and join F G. Make the angle BFD equal to the 
angle AFC, Let the line F D intercept the direction 
of the power at D. Then B D will represent the weight. 

To find the power, make BD equal to the weight 
and join F D. Make the angle AFC equal to the 
angle BFD, and let the line F G meet the perpen- 
dicular from A at C. Then A C will represent the 
power. 
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To work the above problem mathematically, BF 
and FA will still represent the leverages, therefore, 
taking the moments about F, 

PxFB=WxFA. 

The forces shown in Fig. 36 (c), (d) and (e) are not 
parallel. In Chapter IV a better method will be shown 
for dealing with these cases. 

Examples to Chapter II. 

1. If the force scale be §" = 100 lbs., what does 
A B represent ? 

A— ^B 

Ex. Ch. II. — Quest. 1. 

2. A body weighs 46 lbs. To a scale of J" = 10 lbs. 
draw a line showing the force exerted by it. 

3. One force is equal to 12*5 lbs., and another, acting 
in the same straight line, is equal to 23 lbs. 

Graphically show the resultant — 
(a) if they act in the same direction. 
(6) if they act in opposite directions. 

4. A beam, 12 ft. long and weighing 1£ cwts., sup- 
ports a load of 4 cwts. at its centre, and another of 
3*5 cwts. 4 ft. from one end. 

(a) Draw a line showing the total load. 

(b) What is the total reactions of the walls ? 

(c) What is the direction of the reactions ? 

5. A ladder leans against a smooth upright wall. 
What is the direction of the force exerted by the wall 
to support it ? 

6. What is meant by the moment of a force? How 
is it found % 
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7. A cantilever 5 ft. long supports a load of 2 
cwts. at its outer end. 

What is the moment of the load — 
(a) 'at the wall end ? 
(b) at the centre ? 
(c)Tat the outer end ? 

8. A beam over a 15'.0" span carries a certain con- 
centrated load. 

If the reactions of the supports due to tins load be 
4 J tons and If tons respectively, what is the amount 
of the load, and where is it placed % 

9. A bar 4 / .6' / long works on a pivot which is 1/.6" 
from one end. 

If a weight of 21 cwts. be placed at the end of the 
shorter section, what weight must be placed at the 
end of the longer section to balance it ? (Neglect the 
weight of the bar.) 

10. Two walls 6' apart support a beam on which is 
placed a load weighing 1200 lbs. 

(a) If the load is placed 2*5 ft. from one end, what 
portion of the load does each wall support ? 

(6) If the beam weighs 150 lbs., what is the total 
load on each wall ? 






CENTRE OF GRAVITY— BOW'S NOTATION 

74. Centre of Gravity. — We speak of the weight 
of a, body. The weight in simply a downward force 
exerted by gravity. The body is made up of innumer- 
able particles, on each of which gravity exerts a down- 
ward force. These forces, for all practical purposes, 
may be considered as parallel, and the weight of the 
body is the resultant of all these smaller forces. 

If a solid body be freely supported in any position, 
the line of action of the resultant force will pass verti- 
cally through the body. If it be held from a different 
point, the force exerted on each particle, and the resul- 
tant of these forces, will again be vertical, and the 
second resultant will intersect the first at a certain 
point. In whatever position the body is held the 
resultant forces will cross each other at the same point. 

This point is called the Centre of Gravity (e.g.) of the 
body, and we may assume that its whole weight is 
concentrated there. 

75. The e.g. of a thin sheet can easily be found experi- 
mentally by suspending the sheet in any position and 
marking across it in line with the suspension string, as 
shown in Fig. 38 (a). Suspend it in another position, 
and mark as before (Fig. 38 (6)). 

The intersection of these two lines will give the e.g. 
of the sheet. 
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(a) 




Fig. 38. 



76. The e.g. of a thin sheet or lamina in the form of a 
parallelogram is given by the intersection of the dia- 
gonals (Fig. 39). 




Fig. 39. 



77. To find the e.g. of the triangular lamina ABC 
(Fig. 40), bisect the side B C in D, and join A D. Bisect 
another side as A B in E, and join E C, 

The point F, where E C cuts A D, is the e.g. of the 
triangle. 

F D is J of A D, and F E is \ of G E, \bssv&ss&> ^* 
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may find the e.g. of a triangle by joining the middle 
point of any side to the opposite angle, and taking a 
point on this line J of its length from the bisected line. 
The student may adopt either method. 



-'«*■'■ 



H C G 

Fio. 41. 

78. The e.g. of a trapezium or trapezoid. Let A BCD 
(Pig. 41) be the trapezium. On each side of A B mark 
off A E and B F equal to the base C D, and on each 
side of C D mark off H and D equal to the top A B. 
Join E O and F H. The intersection of these lines gives 
Hie e.g. otA BCD. 

79. To find the e.g. of irregular rectilinoal figures it is 
generally necessary to divide the figure into triangles 
or parallelograms. 

As an example, we 
will proceed to find the 
e.g. of the quadrilateral 
A BCD (Pig. 42). 

Divide the figure into 
two triangles by joining 
AC. 

Find the e.g. of each 
as shown in § 77, and 
let these be at E and F. 

These two triangles 
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are portions of a figure which is supposed to be of 
uniform density, therefore the weight of each is in 
proportion to its area. But the weight of each is a 
downward force acting at its e.g. {§ 74), hence we have 
two like parallel forces, and it is necessary to find the 
resultant force. 

Through E, the e.g. of the larger triangle, draw the 
perpendicular H / equal to the smaller force, and 
through F, the e.g. of the smaller triangle, draw the 
perpendicular M N equal to the larger force. Join H N 
and M I. Through O, where they intersect, draw the 
perpendicular L K. 

Then L K is the line of action of the resultant of the 
two forces at E and F, that is, of the two triangles. 
But the two triangles make up the figure -4 BCD, 
therefore it is the fine of action of the resultant of 
the whole figure, hence the e.g. of the whole figure lies 
in LK. 

But it is clear that the e.g. of the whole figure must 
lie in a line joining the c.g.s of its two portions, 
therefore the e.g. of the whole figure is at the point P, 
where the line L K crosses the line E F. 

80. To find the e.g. of a mass whose cross section is 
uniform in size and shape, it is sufficient to find the e.g. 
of a lamina of the same size and shape as the cross 
section. 

Fig, +3 represents a wall of regular dimensions. If 
this wall he considered divided up into an indefinite 
number of thin vertical sections parallel with the end 
of (he wall, then .4 (the intersection of the diagonals) 
gives the e.g. of the first lamina, and B the e.g. of the 



The lino .4 B passes through the z%. at eas-V \ass«w^. 
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and O, the middle point of A B, is the e.g. of the whole 
wall. 
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Fig. 43. 

D E F G is Si cross section of the same wall, so it can 
be seen that the e.g. of the whole wall comes directly 
behind the point A, the e.g. of a lamina of cross section. 
The student will now understand why P (Fig. 35) is 
placed at half the thickness of the wall, this being the 
centre of the pressure exerted by the wall. 

8i. The e.g. of a door may be found by drawing 
the diagonals. 
Since the weight of a door acts vertically through its 

e.g., the leverage with which the door 
acts on its hinges is half the width of 
the door. Either ir 
hinge may be con- 
sidered as the ful- 
crum, then the other 
becomes the power 
which maintains 

equilibrium. 

Thus a door is an F 
example of a lever, the weight being 
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Fig. 44. 






Fig. 45. 
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represented by the weight of the door, the weight arm 
being half the width of the door, the power being the 
reaction at one of the hinges, the power arm the distance 
between the two hinges, and the fulcrum the other 
hinge. 

Reference to Figs. 44 and 45 will make this clear. 

82. Bow's Notation. — Before proceeding any fur- 
ther, it may be advisable to explain the system of 
lettering diagrams as devised by R. H. Bow, C.E., 
F.R.S.E. This system has innumerable advantages, 
and will amply repay the student for the time spent 
in mastering it. 

It will be adopted in all the succeeding exercises. 
It consists of lettering (or numbering) all the angles or 
spaces formed by the external forces, and when nam- 
ing a force to do so clockwise. 

Fig. 46 is given as an illustration. 
Here there are three forces acting upwards, and 
two acting downwards, and, if the system be in equi- 
librium, the sum of the three forces is equal to the 
sum of the two. 

There are five forces, consequently five spaces. 
Place a letter in each space as A, B } C,D, and E. 
Other letters or numbers would do, and they may be 
placed in any order, but it is well to be systematic 
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and adopt a uniform practice. There is a force divid- 
ing the spaces A and B, so tliis force will be named 
by those two letters, but as in clockwise order A 
would come before B, the force is named A B s not 
B A. Similarly the other forces are BC, CD, DE, 
and A E. 

83. It will be necessary to draw lines representing 
the magnitude and direction of those forces, which lines 
will have the same names as the above, but small letters 
will be used instead of capitals. 

Y represents 



84. Now, if a line as ^ 

a force, the force must be considered as acting from 
X to 7 or from Y to X, that is, X or Y must be first in 
its course of action. 

In Bow's notation the letter which is placed first in 
the course of action of a force is the one which comes 
first in the clockwise notation. 

Draw a line representing the force A B (Fig. 46). 

Since A is the first letter in the clockwise order, and 
the force acts upwards, a must be placed at the bottom. 
The next force is B 0, and this acts upwards, so the 6 of 
the first force becomes the first point in the hneof action 
of the second force, which is again drawn upwards. 
Similarly the c of the second force becomes the first 
point of the third foTce C D, but this force acts down- 
wards, so erf must be measured off downwards. D E 
acts upwards, hence de must be measured upwards. 
E A acta downwards, and e a is measured in that 
direction. 

(It should be noted that this is simply an application 
of addition and subtraction as shown in § 9.) 

As this last point corresponds with the first, the answer, 
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or resultant, is zero. If the hist point had not fallen on 
the first, there would have been a resultant force acting 
upwards or downwards according as the last point 
would have been above or below a. 

85. The diagram showing the beam (or any other 
structure.) and the position of its loads is called the 
" frame diagram," and the diagram representing the 
forces drawn to scale is called the " force diagram." 

Fig. 46 (a) is the frame diagram, and Fig. 46 (b) is the 
force diagram. 

86. This method is extremely useful in finding the 
resultant of any number of forces. The forces, as 
shown on the frame diagram, should be named in clock- 
wise order, then the first and last letters will name the 
resultant and give its direction as shown on the force 
diagram. 

Referring to Fig. 46, let it be required to find the 
resultant of the three forces shown on the top of the 
beam. These forces are A B, BC, and G D. A is the 
first letter, and D the last of this series, so a d on the 
force diagram represents the magnitude and direction 
of the resultant force. By measuring ad it is found 
equal to 2 cwts., and as a d also gives the direction, the 
force acts from a to d, that is, in an upward direction. 

Again, suppose the resultant of the two forces on the 
right is required. These are C D and D E. Tho first 
and last letter are C and E, so c c on the force diagram 
fully represents the resultant of these forces, and is 
equal to 4 cwts., acting in a downward direction. 

87. As in the case of the known forces, the letters 
have to be placed with due regard to the direction in 
which the force is acting, so will the letters indicate the 
direction of the unknown ones. 
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Suppose it had been required to find the direction of 
the force on the left of Fig. 46 (a). This force is known 
as E A, and on referring to the force diagram we find that 
to proceed from e to a we go downwards, hence the 
force E A acts in that direction. 

88. If the structure on which the forces act be an 
open framed one, in addition to the spaces between the 
external forces being lettered, a letter is placed in every 
space of the frame. 

As an example see Fig. 47. 

The external forces are the load of 3 tons and the 
two reactions of the supports. The force exerted by 




the left hand support would be known as G A, the 3 tons 
load as A B, and the force exerted by the right hand 
support as B C. 

The spaces in the frame are now lettered as D, E, F, 
0, H, I and J. 

89. An examination of the figure will show that 
there is a letter on each side of every bar, and these 
letters will name the bar, but which letter comes first 
in considering the forces will depend on which end of 
the bar is under consideration. Thus, take the bar 
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dividing the spaces F and C. The bars meeting n 
left of this are named, according to the clockwise order, 
C D,D E,E F and F 0, and at the other end they are 
FO,OH,HG, and C F. Hence, when dealing with 
the one end the bar is named F C, and when dealing 
with the other it becomes C F. 

90. As this part of the work is devoted to Bow's 
notation, there arc two other things whieh it may be 
advantageous to point out, but which will not be 
thoroughly understood until the student is dealing with 
the effects of loads upon framed structures (Chap. VII.). 

The first of these is Every bar surrounding 

a space in the frame diagram meets at the same point 
in the stress diagram, and this point is named by the 
letter in the space of the frame diagram. 

The second is The external forces and bars 

meeting at a point in the frame diagram will form the 
aides of a polygon in the stress diagram. 

91. Load. — By a load on a structure is meant the 
sum of all the forces acting upon it, together with the 
weight of the structure itself. 

92. Stress— tension and compression. — If a force 
acts on a body, it produces from that body an equal and 
opposite resisting force. 

This resistance is known as stress. 

If a weight be suspended by a string, the string exerts 
an upward force equal to the downward pull of the 
weight ; and, if a prop or strut supports a load, it 
pushes against it with a force equal to that of the load. 

The force exerted by the string in resisting elongation 
is called its tensile stress or tension, and the resistance 
to crushing set up in the strut is known as compressive 
stress or compression. 
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But we know that, the string in itself could not support 
a weight without being attached to some support to 
which the string transmits the force. The string exerts 
a downward pull at the support, as well as an upward 
pull at the weight. Since each end of the string exei 
a force equal to the weight, it might be supposed thai 
the tension in the string is twice the force exerted 
the weight, but it is not so. 

93. Tile student can easily satisfy himself that tl 
tension in the string is only equal to the force at 01 
end if he will fit up an apparatus as shown in Fig. 48. 



irt 



This consists of two equal weights, two pulleys, and 
a spring- balance attached to the two weights. 

Although there is a force acting at each end, tin 
balance will show that the tension is only equal to c 
of them . 

Similarly with the strut, the load and the support 
each exert a force against it at opposite ends, but the 
stress set up is only equal to one of them. 

When a bar is in tension each end exerts i 
inwards, and these two forces arc equal ; and when i 
bar is in compression the two ends exert outwarc 
forces which are equal to one another. 

By marking the senses at each end of a bar, a glance 
will show the kind of stress in that bar. 

94. Sinca a compression bar exerts an outward fore 
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at each end, the arrows will point outwards, thus : — 
< > ; and since a tension bar exerts an inward 



pull at each end it is marked thus : > < . 

95. Strain. — The forces which produce tension or 
compression in a bar also cause an alteration in its form. 
This change of form may be so slight that, upon the 
removal of the forces, the bar will regain its original 
shape, or it may be such that the bar is permanently 
injured. 

In either case this change of form is known as strain. 

96. When expressing the amount of stress in a bar, 
the sign + (plus) is often prefixed for compression bars, 
and the sign — (minus) for tension bars, instead of 
indicating it by means of arrows. 

Another method of indicating the kind of stress is to 
draw thick or double lines for compression bars and thin 
ones for tension bars. 

Examples to Chapter III. 

1. Find the e.g. of a wall 6 ft. high, 3' 6" broad at the 
base, and 2' at the top, one face being vertical. 

2. Fig. 1 shows a beam supporting a body which 
weighs 225 lbs. 





Ex. Ch. III.— Fig. 1. 



ii 



y/A 



Draw a line indicating the position and direction of 
the force exerted by the body. Scale 1"=:100 lbs. 

3. Two loads, 3 tons and 4 tons, are placed 5 ft. apart 
on a beam. Where is the centre oi \rces&\*£fc \ 
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4. Draw a vertical line which will pass through the 
e.g. of the wall shown in Fig. 2. 
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Ex. Ch. III.— Fig. 2. Ex. Ch. III.— Fig. 3. 

If the wall shown weighs 135 lbs. per c. ft., what is 
its weight per foot run ? 

5. Find the e.g. of the triangle Fig. 3. 

6. Fig. 4 shows a triangular prism lying on a beam. 
If the prism weighs 1,000 lbs., what are the reactions 

of each support due to it ? 
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Ex. Ch. III.— Fig. 4. 

7. In Fig. 5 the directions of a number of forces acting 
at a point are given. 

Name them according to Bow's Notation. 

8. Fig. 6 represents five parallel forces in equilibrium. 

2\ ^3 




2 
wts 



6 
curts. 



I 
cwt 



cu/ts 



curts. 



Ex. Ch. III.—Fiq. 5. 



Ex. Ch. III.— Fig. 6. 
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Draw the force diagram. Scale 1"=4 cwts. 
9. Five parallel forces in equilibrium are shown in 
Fig. 7. 



Give the magnitude 
and direction of the 
force A B. 

10. A bar 5 ft. long 
is secured by a pivot 
at one end, while a 
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eu/ts cwti curt. 
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A 2 \lffts. 

Ex. Ch. III.— Fig. 7. 



14 lb. weight is suspended at the other. 

(a) Neglecting the weight of the lever, what power is 
required 2 ft. from the pivot to support it ? 

(b) What are the magnitude and direction of the force 
exerted by the pivot ? 



Chapter IV 



PARALLELOGRAM, TRIANGLE, AND POLYGON 
OF FORCES. AND RETAINING WALLS 

97. Up to the present only forces whose lines of 
action are parallel have been dealt with. It now 
becomes necessary to examine other forces. 

The student should again take up his spring balances 
and arrange them as in Fig. 18. He may dispense 
with the pulley, and must remember that the balances 
are only used to register the force exerted by the string 
attached to each. 

Now that the two strings are exerting a force parallel 
and opposite to that exerted by the weight, their sum 

is equal to the down- 
ward force. With the 
same weight attached, he 
should increase the dis- 
tance between the points 
of suspension (Fig. 49). A 
glance at the balances 
may now cause him no 
little surprise. He should 
try them in three or four 
positions, each time in- 
creasing the distance between the points of support, 
and noting the results. 

His observations may be summarized as follows : — 

58 




Fig. 49. 
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i) When the supporting strings are no longer parallel 
to the line of action of the force exerted hy the weight, 
the sum of the forces exerted by them exceeds that 
exerted hy the weight, (b) The further they are from 
being parallel (that is, the greater the angle between 
them) the greater is the force (hey have to exert to 
support the weight. 

98. Parallelogram of Forcer. — Selecting one of 
these positions, and adopt- 
ing a convenient scale, as 
4* = 1 lb., a line should be 
marked behind, and parallel 
to, each supporting string, 
and the tension measured 
on each as indicated by the 
balance. 

Complete the parallelo- 
gram, and draw the diagonal 
as shown in Pig. 50. 

Measure the diagonal to 
the same scale. 

Two things wdl now be noticed : — Pirst, the 
diagonal measured to scale will give the same force as 
that exerted by the weight. Second, the diagonal 
will be in line with the string supporting the weight. 

This should be verified by trying it in each of the 
former position j. 

To change the direction of the pull of the weights, 
three pulleys and three weights should be fitted up as 
shown in Fig. 51. 

It will be seen that similar results are obtained. 

Further, any two of the forces can be utilized to find 
the third, as indicated by the dottedl\Y\.e». 



I 
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Let us examine these results further. 

The force exerted by the weight keeps the other two 
forces in position, so it is the equilibrant of them (§ 33). 
The two strings da and dc support the 7 lb. weight, 
and keep it in equilibrium, but a force which could 
be substituted for these two forces is their resultant, 
and to support the weight in that position it is evident 
that a force is required which is equal to that exerted 




Fig. 61. 

by the weight (or equilibrant), and which acts in the 
opposite direction and in the same straight line. But 
the diagonal of the above parallelogram measured to 
scale, gives a force equal to the equilibrant, and is in 
the same straight line, so if an arrow be placed on it 
indicating that it acts in the opposite direction to the 
equilibrant, it will represent the resultant of the other 
two forces. 
pp. Hence, if the magnitude and direction of two 
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forces be known, by completing the parallelogram and 
drawing the diagonal the magnitude and direction of 
the resultant force is obtained. 

ioo. It is evident that the resultant of any two 
forces (not parallel) must pasts through the point of 
intersection of the lines of action of the two forces. 

101. If three non-parallel forces maintain equili- 
brium, the lines of direction of these forces, if pro- 
duced, will meet at the same point. Any two of the 
forces can be replaced by a resultant, and, since the 
third forco balanced these two, it will balance their 
resultant, and this it can only do by acting at the 
same point. 

ioz. — Triangle of Forces. — On further examining 
the parallelogram « b c d (Fig. 51), it is seen to be made 
up of two equal triangles. 

The triangle a b d has the side d a parallel and equal 
to the 3 lb. force, the side a b parallel and equal to the 
5 lb. force, and the side b d parallel and equal to the 
7 lb. force. 

If b d be considered as representing the equilibrant, 
then it will represent a force acting from b to d, and the 
three sides proceeding from d to a, a to b, and b to d, 
will give the sense of the three forces. 

103. Hence, if three forces bo in equilibrium, it is 
possible to draw a triangle with sides parallel to the 
line of action of each force, and representing them in 
magnitude each to each, and whose sides, taken in order 
round the triangle, will give the sense of each force. 

If, therefore, the sense of one of the forces be known, 
the sense of the others is known. 

104. The converse is equally true : — 

If it be possible to form a triangle wiy& «v4sa ^ss.\bXi!3\. 
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to tlie linos of action of t he- forces and equal to them i: 
magnitude, and whose sides represent the a 
taken in order round the triangle, then the three forces 
are in equilibrium. 

105. Each of these three forces must be the equi 
brant of the other two, hence if the sense of one 1 
reversed, then that force becomes the resultant of t 
others. 

106. If, on examining a triangle of forces, it is found 
that the sense of one force is opposite to the others, 
then the force represented by that line is the resultant 
of the others. 

107. If three forces (not parallel) maintain equili- 
brium, the sum of any two must be greater than the 
third. 

Since tho three are in equilibrium, it must he possible 
to form a triangle with sides parallel to and proportional 
to the forces, but unless any two are greater than the 
third this is impossible. 

108. If three forces, of which the two smaller are 
equal to the greater, maintain equilibrium, then they 
are all parallel, and the two smaller act in the opposite 
direction to the greater. 

109. Since, when three non-parallel forces are in 
equilibrium, it is possible to form a triangle with sides 
equal and parallel to the forces represented by them, 
and it is impossible to make any triangle with two 
parallel sides, there cannot be three such forces, two 
of which are parallel, in equilibrium. 

no. If, then, in any structure there be three bars 
(or two bars and an external force) meeting at a point, 
and any two of them be parallel, the forces exerted by 
the two parallel ones are equal and opposite, and the 
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third bar exerts no force. (N.B. — This is not true if 
there be more than three bars or more than three bars 
and forces together.) 

To illustrate this, three portions of different girders 
are shown (Fig. 52). 

a[b 1 



C«A 






Fig. 52. 

In each of the above cases the force exerted by A B 
acts directly on the end of the bar C A> and produces 
from it an equal and opposite force. If there were 
either a pull or a thrust in B (7, it is evident that equili- 
brium would not be maintained. But we know the 
joint is in equilibrium, hence there is neither tension 
nor compression in the bar B C, i.e. the force exerted 
by B C = 0. 

in. If the magnitude of two forces maintaining 
equilibrium with a third force whose magnitude and 
direction is known, be given, then their directions can 
be ascertained. 
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Fig. 53. 
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Let A B (Fig. 53) be the known force. Draw a b 
parallel and equal to this force. With a as centre, 
describe an arc with a radius equal to the line repre- 
senting one of the other forces, and with b as centre 
and a radius equal to the line representing the re- 
maining force describe an arc cutting the first at c. 
Join c b and c a. 

Their directions are given by b c and c a, and a refer- 
ence to Fig. 53 will show they can be transferred to 
either end of A B. 

H2. If three forces whose directions are given, act 
at a point in equilibrium, and the magnitude of one be 
known, then the magnitude of the others can be found. 

Fig. 54 shows a wall and the foot of a roof truss. 
Suppose the reaction of the wall to be 30 cwts., then 
this is an upward force resisting the action of the rafter 
and the tiebeam. 

Letter the spaces as shown, and draw a b parallel to 
A B and equal to 30 cwts. From b draw b c parallel 
to B C, and from a draw a line parallel to C A. Then 

b 
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Fio. 54. 


a 



b c and c a give the magnitude and directions of the 
forces exerted by B C and G A. BC acts towards the 
joint, and O A from it. 

113. Two or more forces which have a resultant 
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force are called the com- 
ponents of that force. 

The two forces A and 
B (Fig. 55) have a re- 
sultant force B. B is 
then the force which 
could be substituted for 
them (§ 31). It is equally FlG - 55 * 

correct to say that the forces A and B could be sub- 
stituted for the force B. 

A and B are the components of B. 

If the direction of the force B were reversed it would 
become the equilibrant of the forces A and B (§ 33), 
then the three forces would be in equilibrium. But 
in § 112 it was shown that if a force be known, the 
magnitude of two others producing equilibrium and 
acting along given directions could be found. Hence, 
if B were considered as acting in the opposite direction, 
the magnitude of the forces A and B could be deter- 
mined. 

Fig. 56 shows the foot of the rafter of a couple roof 
along which a force equal to 2£ cwts. is acting. It is 
necessary to find the vertical and horizontal components 

If we consider the 
action of this force re- 
versed, then it will act 
away from the joint. 
Draw a b to represent ^- 



the 2J cwts. acting in Q 
that direction. From 
b draw a vertical line, 
and from a a horizontal 
one intersecting it at c. 




Fig. 5$. 



^ 
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Then b c and c a will represent the two components 
in direction and magnitude. 

(It should be noticed that the rafter A B causes a 
horizontal thrust equal toco, which tends to overturn 
the wall, and a vertical thrust equal to b c. These have 
to be resisted by the wall.) 

114. If a body A (Fig. 57) be placed on a smooth 
inclined plane, it slides in 
the direction shown by the 
arrow. This sliding must 
be caused by some force 
acting in that direction. 
One of the forces acting on 
it must be its own weight, 
but this acts vertically, and 

could not of itself produce motion down the plane, so 
there must be another force acting on it. The other 
force is " the reaction of the plane," which always acta 
at right angles to the plane. The force which causes 
the body to move along the plane is the resultant of 
the force caused by the weight of the body and the 
reaction of the plane. 

But the force acting along the plane, and the reactioi 
of the plane, are two forces produced by the vertical 
force exerted by the weight of the body, hence they a 
components of that force. 

The magnitude of this vertical force is known and tht 
direction of the two component forces, so it is possible 
to find their magnitude (§ 113). 

If it were necessary to keep the body from sliding, 
a force equal and opposite to the one acting along th( 
plane would do it. 

115. It is clear that a force applied horizontally, 
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Fig. 58, would also keep the b 
brium, hence the body must have a horizontal thrust 
equal to that necessary to 
keep it in position when 
applied in that direction. 
By resolving the vertical 
force exerted by the body 
into a force at right angles 
to the plane, and a hori- 
zontal one, the horizontal 
thrust of the body is obtained. 

116. Since we know the weight of the body acts 
vertically, and the plane exerts a force at right a 
to its surface, being given the weight of the body, and 
the inclination of the plane, we can find either the 
force the body exerts parallel to the plane, or the force 
it exerts horizontally. 

117. Fig. 59 shows a cantilever supported by a strut 
and loaded with 2 cwts. 
Find the kind and 
amount of stress set 
up in each member. 

Letter the spaces on 
the frame diagram, and 
draw b c equal to 2 
cwts. From c draw a 
line parallel to C A, and from b draw 1 
A B. Let them meet at a. 

Then c « and a h will represent, (he stresses. 

Since the force represented by b c acts downwards 
and the sense must be in the same direction taken 
round the triangle, therefore c to a gives the direction 
of the force exerted by C A, and u to b ^n«% fet &»* 




1 parallel to 
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tion of the force exerted by A B. ca and a b measured 
to the same scale as that by which b c was drawn will 
give the magnitude of the forces exerted by G A and 
A B respectively. 

Since C A acts outwards towards the joint, and A B 
inwards from it, the former is in compression and the 
latter in tension (§ 92). 

1 1 8. Fig. 60 shows a loaded cantilever supported 
by a wrought iron rod. 




b 




Fig. 60. 



The construction of the force diagram needs no 
further explanation. 

An examination of the force diagram will show that 
in this case the beam is in compression and the rod in 
tension. 

.119. The " triangle of forces " is most useful in the 
solution of levers when the forces acting on them are 
not parallel. 

Let A F B (Fig. 61) be a lever with the " power " 
and " weight " acting as shown. 

In order to maintain equilibrium there must be 

another force acting, and this is the " reaction of the 

fulcrum." There are then three " non-parallel " forces 

maintaining equilibrium, therefore the lines of direction 
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of these three forces must meet at the same point 

(§ ioi). 

Let the lines of direction of P and W meet at 0, then 




Fig. 61. 



the line indicating the direction of the reaction of the 
fulcrum must pass through 0. Since the reaction 
acts at the fulcrum, it must also pass through F, there- 
fore the line F gives the direction of the reaction of 
the fulcrum. 

At there are now shown the directions of three 
forces in equilibrium, and, if one be known, the others 
can be determined (§ 112). 

Suppose the weight (W) to be known. 

Letter the spaces, and draw o t parallel, and equal to, 
the weight. Complete the triangle of forces by drawing 
o 8 parallel to 8, and 1 8 parallel to T S. 

1 8 completely represents the reaction of the fulcrum, 
and 8 o completely represents the power. 

120. Again, let Fig. 62 represent a door whose hinges 
are at A and B, and let it be required to find the hori- 
zontal reaction of the hinge A, and the total reaction 
of the hinge B. 

Since it is the horizontal reaction of A tJ&ak Ss» ^- 
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quired, its direction must 
£j intercept that of the 
force exerted by the door 
at 0. Join BO. 

Then B gives the 
direction of the total 
reaction of the hinge at 



At the direction of 

three forces in equilibrium 

., „„ is given, and, since one 

of them, the weight of 

the door, is known, by applying the triangle of forces 

the others can be found. 

121. The rafters of lean-to or pent roofs are often 
found fixed as shown in Fig. 63. 
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On examining the forces acting on this, it will be 
seen that the reaction of the one wall is in a horizontal 
direction, and this intercepts the line of action of the 
load on the roof at A. The third force ia the reaction 
of the lower wall, and its direction must pass through 
the point of intersection of the other two forces 
(§ 101)- 

Its direction ia therefore given by the line A C. 
Resolving C B parallel to B A and A C the triangle 
c b a is formed, c a now gives the magnitude and 
direction of the thrust of the rafter, and, by finding 
the horizontal and vertical components of this thrust, 
it will be seen that the lower wall has to support the 
whole weight of the roof a3 well as resist ja horizontal 
thrust, whose magnitude is given by cd. 

By forming the rafter as shown in Fig, 64, the roof 
is supported by two 
parallel forces. Each 
wall then gets one-half 
the weight of the roof, 
and there is no horizontal 
thrust. 



Reta 
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122. 

Walls. — Walls built to 

sustain water or earth 

are called retaining walls, 

and it is now intended 

to apply the knowledge gained in the preceding pages 

to ascertain whether any proposed retaining wall 

is sufficiently strong for its purpose. 

Before this can he done, we must ascertain the 
forces at work. 

It is clear that the wall is put to resist the. t>Was& >& 
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the water or earth behind it. We will first examine 
this resistance. 

It was shown in Chapter III that the weight of a 
body can be considered as concentrated at its centre 
of gravity, so the force (or resistance) exerted by the 
retaining wall is ils weight acting vertically through its 
eg. 

By taking a part of the wall 1 ft. in length, and the 
area of the cross section, we have the number of cubic 
feet in the part of the wall under consideration. Know- 
ing the weight of 1 cub. ft. of the particular walling (say 
1 cwt. for brickwork, and 140 lbs. for masonry), we can 
now ascertain the weight or vertical force exerted' by 
the wall, and, since it acts through its e.g., we know its 
line of action. 

123. Next, we will inquire into the force exerted by 
water on a retaining wall or dam. 

Hydrostatics teaches us that water always exerts a 
pressure at right angles to the sides of the vessel con- 
taining it or the containing surfaces, and that the 
pressure at any point is in proportion to the vertical 
distance of this point below the surface of the water. 

124- Since the pressure at the bottom of a retaining 
wall depends on the vertical height of the surface of 
the water above this point, a line equal to the depth 
of the water will represent the magnitude of the pressure 
at this point. But the pressure is at right angles to 
the surface of the wall, so the line representing the 
magnitude of the pressure must be drawn in that 
direction. 

In Figs. 65 and 66, from b, the bottom of the wall, 
draw 6 c perpendicular to a b and equal to the vertical 
depth of the water ; b c now represents the magnitude 
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and direction of the pressure of the water at this point, 
where of course the pressure is greatest. If other 
points be taken on the wall, the pressure at these will 
be less as the vertical height to the surface decreases, 
until the top of the water is reached, where the pressure 
is nil. 

Hence, if a r. be joined, the triangle a, be will graphi- 
cally represent the total pressure on n section of the 
wall. The ordinates are drawn showing the relativi 
amount of pressure at different points. 

125. The magnitude of this pressure must now be 
obtained. 




The triangle a b c represents the section of a volume 
of water whose height is b c and whose base is a b, and, 
if the volume pressing on 1 ft. of the length of the wall 

be taken, its cubical contents is - - cubic feet. 

2 
But 1 cub. ft. of water weighs 62-fl lbs., therefore the 
total pressure exerted on 1 ft. of the length of the wall 



ab x be 



62-5 lbs. 



126- Having found the magnitude of the pressure, 
its direction and point of application must now be 
considered. The weight of the triangular volume of 
water represented by abc must be treated as if con- 
centrated at its e.g., and it presses a.t t\^A. mvj^s*. V=> 
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the inner surface of the wall, therefore a line through 
its e.g. perpendicular to this surface will give the direc- 
tion of this pressure, and its point of application i 
where this line meets the wall. 

The point of application is always £ of a b measured 

127. It is intended to build a stone wall 6 ft. high 
to dam a stream of water to a depth of 4 ft., the width 
at the base to be 3 ft., the top, 2 ft. 6 in., and the im 
surface is vertical. 

Find whether the wall is sufficiently strong. 
Set out the wall and depth of water to some con- 
venient scale (Fig. 67). From the base b mark off b c 
perpendicular to « b arid equal to 4 ft. Join a c. The 
triangle abc represents the pressure on the wall (§125). 
Find the e.g. of a b c 
and of the wall as 
shown in Chapter III. 
A vertical line from 
the e.g. of the wall 
will represent the 
direction of the force 
exerted by the wall, and a line 
perpendicular to the inner face of 
the wall will represent the direction 
of the force exerted by the water. 
Let these lines intersect at 0. 

To find the magnitude of these 
forces, a portion of the wall and of 
the water, 1 ft. each in length, is taken, 




JOOlbi- 



then the wall weighs 
the water weighs - 



2' 6" + 3' 



1401bs.=23101bs., 
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These represent the magnitude of the forces acting 
in the direct ions shown. 

From o scale off o d = 2310 lbs., and from d draw 
d e = 500 lbs. Join o e ; then o e represents the magni- 
tude and direction of the resultant force, and o e cuts 
the base of the wall at /. 

128. To fulfil all the usual conditions necessary for 
the stability of a retaining wall for water, the resultant 
force must not intersect the base outside the middle 
third, but this rule is not universal in its application. 

An examination of Fig. 67 will show that the point / 
is within the middle third, hence the proposed wall will 
be strong enough. 

129. A retaining wall (brickwork) 7 ft. high has a 
batter of 1 in 8 on the outer surface. The base is 4 ft. 
and the top 1 ft. thick. 

Ascertain whether it is safe to allow the water to 
rise to a depth of 6 ft. 

Set out the wall to scale, and indicate the water line 
as before (Fig. 68). 

The construction is similar to that of the last exercise. 

The only point to be noted is that 6 c and the centre 
of pressure of the water still remain perpendicular 
to a b. 

The length of a b is obtained by scaling it on the 
drawing. 

The weight of the wall and the water is obtained as 
shown in the previous exercise. 

It will be seen that the resultant falls outside the 
middle third, hence the wall is probably not strong 
enough (§ 128). 

JVote.— The question of stability depends partly upon 
the crushing force and the strength ot YtvaSecsaii b!^ "**" 
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outer edge, and cases may occur where perfect stability 
exists although the resultant may pass beyond the 
middle third. 

To obtain a wall strong enough the thickness should 
be slightly increased, and the above test again applied. 

130. In order to understand the thrust caused by 
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earth on a retaining wall a little explanation is 

necessary. 

If a bank of earth be left exposed to the weather, 
it will crumble and fall until it forms a certain natural 
slope depending upon the nature of the earth of which 
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composed. The angle which this slope forms 
with the horizontal plane is called the angle of repose. 

If in Fig. 69 A B shows the natural slope, then ABO 
is the angle of repose. 

If B D be drawn perpen- U t- A 

dicukr to B C, the V, 
angle A B D is the 
complement of the 
angle ABO. 

It has been shown by 
several writers that the 
portion of earth which 
tends to break away 

and overturn a wall is that enclosed between the 
vertical line B D from the foot of the wall and the line 
B E bisecting the complement of the angle of repose, 
that is, in Fig. 54, the portion D B E. 

B E is called the plane of rupture. 

In order that the portion D B E should break away, 
it must slide down the plane B E, acting like a wedge 
on B D, and forcing it out horizontally. 

It was shown in § 114 that if a body be placed on an 
inclined plane a certain force is exerted parallel to the 
plane. Each particle of the mass D B E is a body on 
the inclined plane B E, and the sum of them may be 
treated as if concentrated at the e.g. of D B E, hence 
the whole mass exerts a force through its e.g. parallel 
to the plane. This intercepts BD at F, so F is the 
point of application of the force. 

This point is always £ the distance up the wall. 
D B E is evidently prevented from sliding by the 
friction of the plane acting up BE and the horizontal 
reaction of the wall applied at Ike ^wsvoX "E . 
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reaction must be equal to the horizontal thrust of 
the mass, or the wall will be forced over. 

This horizontal thrust is obtained by resolving the 
vertical force exerted by the mass D B E in a horizontal 
direction and one parallel to the plane. 

131. A stone wall is built to retain a bank of ordinary 




earth 8 ft. high and estimated to weigh 120 lbs. per 
cub. ft. The base of the wall is 2' 6", the batter of the 
outer face is 1 in 8, and the inner face vertical. 

If the angle of repose be 45°, determine the position 
of the resultant force. 

Set out the wall to scale as shown in Pig. 70. Draw 
the angle ot repose and bisect the complement ABC 
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with the line B D. A B D now represents the mass 
of earth whose horizontal thrust lias to be determined. 

Through the e.g. 'a of the wall and of A B D draw 
vertical lines. From E, the point of application of 
the force exerted by A B D {which, as shown before, 
is \ of B, A) draw a horizontal lino to intercept these 
vertical lines at F and 0. 

The weight of 1 ft. length of the wall is 2240 lbs., 
and 1 ft. length of the section A B D weighs 1600 
lbs. 

From G, on the line passing through the e.g. of 
A B D, measure O H equal to the vertical force exerted 
by ABD, i.e. = 1600 lbs. From H draw a line 
parallel to B D, meeting the line G F at /. 01 now 
represents the magnitude and direction of the thrust 
of A B D, and its point of application is E. 

This line meets the line of action of the force exerted 
by the wall at F. From F scale off F J equal to tin's 
force, i.e. equal to 2240 lbs., and from J draw J K 
equal and parallel to the thrust G I. Join F K. 

F K now represents the magnitude and direction of 
the resultant thrust. 

This meets the base of the wall at L. 

132. If this resultant crosses the base of the wall at 
any point between B and 0, the wall is safe from over- 
turning ; if it passes through 0, the wall is on the point 
of overturning ; and if it passes outside the point O, 
the wall will be overthrown, unless the tensile strength 
at the inner edge is sufficient to prevent it. 

133. In considering the stability of retaining walls, 
there is another point which it may be well to j 
out, but the explanation of which is beyond this work. 

The removal of the resultant force ^\<ym. 'Cos. * 
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Fig. 71. 



causes the pressure on the outer edge to be much in- 
creased, and the nearer it is to the edge the greater is 
this pressure. 

The pressure at this point must not be greater than 
the material of which the wall is composed can safely 
bear, or the wall will fail by crushing. 

134. Polygon of Forces. — Let Fig. 71 represent 
four forces of which the magnitude and direction of 

two are known. It is 
required to determine 
the other forces. 

Draw a b and b c to 
represent the forces A B 
and B C. Join c a. 

c a is now the equi- 
librant of the two 
known forces (§ 105), therefore a c is the resultant 
(§ 106), and we may consider this as being substituted 
for .4 B and B C. 

We have now three forces (the resultant of the first 
two. and the two unknown ones) of which one, a c, is 
known, therefore we can find the other two. 

From c draw a line parallel to CD, and from a one 
parallel to A D. Let them meet at d. Then c d and 
(/ a will give the magnitude and direction of C D and 
DA. 

It should be noticed that this result could be arrived 
at without finding the resultant, by drawing the lines 
c d and d a from the ends of the lines representing the 
two other forces. This latter method is the more direct, 
and is usually adopted. 

^S- Fig. 72 represents five forces in equilibrium, of 
which three are known. 



POLYGON OT FOKOBB 



81 




It is necessary to tind the magnitude of the other 
two, and the direction in which they act. 

Draw b c to represent 
B G in direction and 
magnitude, from c draw 
c d representing C D in 
direction and magni- 
tude, taking care that 
the sense of each force J ' 1 °' ,a ' 

is in the same direction round the figure, and from d draw 
d e to represent D E in direction and magnitude, again 
noting that the force acta in the direction of d to c. 

From b draw a line parallel to A B and from e a line 
parallel to E A. Let them meet at a. ea and ab 
now represent the magnitude of E A and A B, and, as the 
sense of the forces must form a circuit round the polygon, 
e to a and a to It are their respective directions, i.e. E A 
acts upwards, and A B upwards towards the right. 

136. From the polygon of forces the resultant of any 
number of forces can readily be obtained. 

Let it be required to find the resultant of A B and 
BC (Fig. 72). The first and last letters of the names 
of these forces in clockwise order are A and C. On the 
force diagram join a and c. Then ac fully represents 
the resultant, that is, the line ac gives its magnitude, 
and its direction is from a to c. 

Had it been required to find the resultant of the 
other three forces, the first and last letters would have 
been G and A respectively. The resultant force would 
in this case be represented by c 17, that is, its magnitude 
is the same but its direction is from c to a 

137. For the solution of forces acting at a point and 
maintaining equilibrium, there must not be more Uvao. 
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two unknown ones, and of these two, if the directi 

he known (hen the magnitude can be found, 

the magnitudes he known, the directions can be fout 

138. If a number of forces keep a body in equilihri 
the polygon representing the forces (i.e. the f< 
diagram) must close, and the senses be concurrent. 

139. If one of the senses of the forces i 
force diagram he opposed to the others, the force rcpi 
sonted by it is the resultant of the others. 

140. If the force diagram does not close, then 1 
system which it represents is not in equilibrium, and t 
closing line would represent the magnitude and direct* 
of the resultant, but its sense would be non-coneurr 

Examples to Chapter IV 
1. What does A C (Fig. 1) represent ? 

What would it be called i 
its direction were reversed ? 

2. What is meant by tht 
" resultant of two forces 'i ' 

3. If two forces, equal t 
5 lbs. and 8 lbs. respectively, 

act towards a point at an angle with each other of 121 
what force is required to produce equilibrium i 

4. Fig. 2 represents a p: 
cord attached to opposite sides o: 
room, and supporting a weight. 

Find the tension in each sec- 
tion of the cord. 

5. A ladder weighing 150 lbs. 
Ex. Ch. IV— Fio. 2. re9 (a ftgainat a smooth vertical 
wall at an angle of 60° with the horizontal plane. 

Find the direction and magnitude of the reaction of 
the ground. 




EXAMPLES to 

. A rafter, inclined at 30" with the horizontal plane, 
exerts a force equal to 200 lbs. 

Find the vertical and horizontal reactions of the 
wall supporting it. 

7. A door is 7' X 3' 6", and 
weighs 250 lbs. The hinges are 
7" and 12" from the top and 
bottom respectively. 

Find the horizontal reaction of 
the bottom hinge, and the total 
reaction of the top one. 

8. Fig. 3 illustrates a bracket 
supporting a weight of 60 lbs. 

(a) Find the amount and kind 
of stress in the horizontal and 
inclined members. 




. Ch. iv Fio. 3. 



(b) Also find the reactions A and B. 





9. Fig. 4 shows a retaining wall supporting a bank 
of earth. The earth weighs 120 lbs. per cub. ft., and 
its angle of repose is 45°. 

If the wall weighs 140 lbs. per cub. ft., where does 
the- resultant pressure intercept the base of the wall % 

10. Fig. 5 represents five forces in equilibrium. 
Find the magnitudes and directions of A B and B C. 
What is the resultant of the three given. fatsssA 
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141. The Funicular Polygon. — If a system of 
forces in equilibrium be applied to a body already at 
rest, then that body will still remain at rest (§ 32). 

Let five forces in equilibrium be applied to a jointed 
frame as shown in Fig. 73. 

This frame is supposed to be such that each bar (or 




Fig. 73. 

link as it is called) will stand either tension or compres- 
sion, and each joint (or node) is supposed to be hinged 
so that the bars will accommodate themselves to the 
best position to withstand the forces applied to them. 

Such a frame is called a funicular polygon, and must 
always close. 

Let the force A B be known. 

As the whole frame is in equilibrium, each node is 
in equilibrium, and the node on which A B is acting 

84 
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ia maintained in equilibrium by the action of that 
force and the ureases aet up in BO and A. Draw 
a b equal and parallel to the force A B, and draw lines 
from re and b parallel to B and A. Then b o and o a 
will represent the direction and magnitude of the 
stresses set up in the links B and A. But at the 
other end each link will exert an equal and opposite 
force (§ 92). Taking the node where B C acta, we have 
three forces, but B has just been found and is repre- 
sented in direction and magnitude by o b. By drawing 
parallel to B G and 0, be and c o are obtained, and 
these represent the force B C and the stress set up in 
0. Proceeding to the next node, by means of o c, cd 
or the force C D and the stress d o in the nest bar are 
ascertained. By repeating this operation the whole of 
the forces and the stresses in the bars are obtained. 

When completed it will be seen that the lines repre- 
senting the forces form a closed polygon, proving that 
the forces represented by these lines are in equilibrium. 

142. Further, the lines representing the stresses in 
the links all meet at the same point. This point is 
called the pole, and the lines radiating from it polar 
lines or vectors. 

143. If all the forces applied to a funicular polygon. 
and the direction of two of the links be known, then the 
funicular polygon can be completed, because from the 
forces the force diagram can be formed and the inter- 
section of the two lines parallel to these two links will 
give the pole. The directions of the remaining links 
are obtained by drawing the other vector lines. 

144. If a system of forces be in equilibrium any 
funicular polygon can he found to which they can he 
applied. 
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For. let n b c d e {Fig. 74 (a)) 1» a reproduction of tin 
force diagram Fig. 73. 




Take any pole o and draw the vectors. 

Draw A B, BO and A (Fig. 74 (b)) parallel to a 6. 
b o, and o a. Mark off B any length, and at its extre- 
mity draw B C and C parallel to b c and c o. Cut off 
O any length, and draw D and T) parallel to c d 
and d a. Set off D any length, and draw D E and E O 
parallel to d e. and e o. Produce E and A to meet, 
and from this point draw a line E A parallel to e a. 

Fig, 74 (b) now represents the same five forces as 
those in Fig, 73, but they ate applied to another funicular 
polygon. 

Henoe, if a system of forces be in equilibrium and a 
force diagram drawn, any pole can be taken, and a 
funicular polygon found in respect of that pole. 

145. Fig. 75 shows a funicular polygon and the forces 
applied. 

It is necessary to find how equilibrium may be main- 
tained in each part if a section be taken at x y. 

It is evident that the forces on one side of the section 
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are kept in position by those on the other, hence the 
resultant of the forces on the one side will maintain 
equilibrium with the forces on the other. 

Draw the force diagram abcde. 

The forces on the left are E A and A B. Join e b, 
then p, b is the magnitude of the resultant, and e to b its 
direction. (§ 1*36. ) 

It is now necessary to find where this resultant acts. 
By substituting the resultant c b for the two forces E A 
and A B the force diagram e h c d e is obtained. But o 




is a pole from which the vectors ob, o e, od and o e 
already drawn, hence a funicular polygon may be 
obtained whose sides are parallel to these vectors. On 
examination it will be seen that B, 0, D and E 
are already parallel to ob, oc, o d and o e respectively, 
but a funicular polygon must close, hence B and O E 
must be produced to meet. 

There must be a force acting at each node of a funi- 
Dulai polygon, and each of the forces B C, C 1) and I) E 
are already acting at a node, hence tl\« x«\!M«SM&s|A WR ' b '» 
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which is represented by e b, must act at the node torn 
by the production of these lines. 

Again, the resultant of the forces BG, G D and 1 
is b e, that is, the resultant of the forces on the right 
the section is of the same magnitude as the resultant o 
the forces on the left, but it acts in the opposite directior 
and by obtaining a new funicular polygon as before, i 
will be found to act through the same point. 

146. Hence, if a section be taken across a funiculi! 
polygon, the resultant of the forces on either side \ 
act through the node formed by the production of t 
intersected sides, and the magnitude and direction 1 
each resultant arc found by the force diagram ; also, t 
resultant of all the forces on one side of the section i 
equal to the resultant of all the forces on the other sidi 
but they act in opposite directions. 

147. Similarly the resultant of any of the forces a 
a point in its line of action may be obtained, 
mine the resultant of CD, DE and E A (F 
G and A are the first and last letters in the clocki 
notation, so c a on the force diagram gives the resulta 
and it acts through the point where the links C s 
A would meet if produced. 

This Is practically the same thing as taking a s 
cutting the links G and -4 0. 

148. Therefore it should be noticed, that the first a 
last letters of the forces, when named in clockwise o 
not only give tho magnitude and direction of the resu] 
tant force on the force diagram, but also name the link 
on the funicular polygon whose intersection, w 
produced, gives a point in the line of action of t 
resultant. 

149. Before applying parallel forces to 
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wlygon. a little explanation of the force diagram may 
not be out of place. 

If the system be in equilibrium the force diagram 
must close. (§ 138.) 

Suppose a beam loaded 
and supported as shown 
in Fig. 76. f- — l^-Z — - ~^\ !\b 

Draw a b, b c and c d 
to represent the known 
forces A B, B C and 
CD. 

From d draw a line 
parallel to D E, and from a one parallel to A E. de 
and e a give the magnitude and .direction of the force 
exerted by the two supports. 

Suppose D E and E A to be vertical, as shown in 
Fig. 77, then it is evident that the tines d e and t a will 
be in a straight line and 



,o 



lie upon d a, i.e. d a will 

be the closing line of the 

force diagram, but the 

point of intersection is not g 

known, hence the reactions 

of the two supports are _„ & 

equal to the total load 

ad, but what proportion each bears is not determined. 

The point e will, however, lie somewhere between 
a and d, and abeda (Fig. 77) will form a closed poly- 
gon in quite the same sense aaab cde a (Fig. 76). 

Hence, the force diagram of a system of parallel forces 
is a straight line. 

150. We will now proceed to utilize the funicular 
polygon to determine parallel forces. 
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The most common case is that of a simple beam loaded 
at various points. 

Two scales are necessary — a lineal scale to set out the 
beam and the positions of the loads, and a force scale 
for all the measurements on the force diagram. Fig. 78 
shows a beam with the position and amount of each load. 

Taking a convenient force scale a 6=3 cwts., b c= 
2 cwts., and c d=5 cwts. ; a d is now the sum of the 

3 cwts, 2 cuds. 6 cwts 



A „ 8 
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loads, and the sum of the reactions is equal to this, there- 
fore d a is the closing line of the force diagram. 

It is necessary to determine the position of e to ascer- 
tain what proportion of the load is borne by each 
support. 

Take any pole o and draw vectors to a, 6, c and d. 

From any point on the support E A draw a line 
1-2 parallel to a o until it cuts a perpendicular from the 
first load. From the point 2 the line 8-3 is drawn parallel 
to b o until it intersects the perpendicular from the 
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second load. From 3 the line 3-4 is drawn parallel to 
c o, till it meets the line of action of the third force, and 
from this point the line 4-5 is drawn parallel to d o as far 
as the support. Join 1 and 5. 

123451 is now a funicular polygon, and to enable t 
student to compare it with the Others, the forces s 
shown dotted at the nodes. 

An examination of the funicular polygon will show 
tiiat it lias five sides, whereas there are only four vectors. 
A vector must now be drawn parallel to the remaining 
side of the polygon, and this deter mines the position of e. 

d e now represents the magnitude and direction of 
the reaction D E, and e a that of E A. 

151. It will be necessary to know the names of the 
links of the funicular polygon. The one parallel to a 
is A 0, the one parallel to bo is BO, and so on. It ia 
not necessary to put the names on the polygon, because a 
glance at the force diagram will at once supply them. 

152. The name of each link may also be ascertained 
by referring to the beam. 

As each link is terminated by the lines of action 
some two forces, it has, as its distinguishing letter, the 
one which names the space on the beam between those 
two forces. Thus the space between the 3 and 2 cwts. 
is B. The link terminated by the per]>endiculars From 
these two forces is known as B 0. 

Again, the space E extends from the one support to 
the other, and the link which crosses this space ia E 0. 

153. Find the resultant of .4 B and B C (Fig. 78) and 
a point in its line of action. 

The first and last letters in the clockwise sequence a 
A and C, therefore a c on the force diagram gives the 
resultant force, which is 5 cwts., and the veA«w«**ass«»- "A. 
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the links ,4 and CO given the point x through which 
it acts. 

A perpendicular from x gives the point on the beam 
where it acts. 

154. Find a point on the beam where the three forces 
(Fig. 78) could be accumulated without interfering with 
the reactions. 

This is practically asking for the resultant of the thre 
forces and its point of application. 

The three forces are A B, B C and C D, therefore a d 
gives the magnitude and direction of the resultant force, 
and y tho intersection of the links A and D givi 
point in its line of action. A perpendicular to the beam 
from t/ will give the point where the 10 cwts. would h 
placed. 

155. Ascertain the force which could be substitutec 
for A B and the reaction on the left, and the point w' 
it should be applied. 

The sequence is E A and A B. hence e b on the f 
diagram gives tn0 direction and magnitude of the force, 
and 2, where the links B and B meet, is a point 
through which it acts. 

Of course, the student should note that, having drawn 
the lines of action of these resultant forces through the 
beam, the distance of these points from either end can 
be obtained by applying the lineal scale. 

156. It was pointed out in Chapter II that ipiestio 
on the three orders of levers could be solved by means 
similar triangles. 

The knowledge of the funicular pnlv'iiun supplies : 
easier and more interesting method of solving them,! 
the following examples will show : 

A lever of the first order supports u. weight of 60 lbs., 
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1' 6" from the fulcrum. Find the power necessary to 
balance this if the power arm be 2 ft. 

Set out the lever with the position of the weight, etc., 
to a convenient lineal scale (Fig. 79) and adopt a force 
scale. 

Draw a 6=60 lbs., and take any pole o. Join a o and 
6 o. Draw the link A across the space A> and the 
link B across the space B, and parallel to a o and 6 o 
respectively. Close the polygon, and draw the vector 
c o parallel to the closing line. Let o c terminate in a 6 

1 6 I ' 



A 



t 






/ 




/ 



>i/ 



Fig. 79. 



produced. Then 6 c is the required power, which is 
45 lbs. 

157. A lever is 6 ft. long. Where is the fulcrum if a 
force of 15 lbs. supports a weight of 50 lbs. ? 

Draw the lever=6' (Fig. 80) and with a convenient 
force scale draw a 6=50 lbs. and 6 c=15 lbs. Join a, 6, 
and c to any pole o. Draw the link B across the space 
B and parallel to 6 o. From the ends of this draw the 
links A and G O parallel to a o and c o and across the 
spaces A and C respectively. 

A perpendicular from the point of intersection of 
these links will give the position of the f uLqrubgl. 
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Fig. 80. 

158. Fig. 81 shows a lever with the relative positions 
of the fulcrum, weight, and power. 

What weight will a power equal to 24 lbs. sustain % 

Draw c a =24 lbs. Take a pole and draw the vectors 
c o and a o. Across the space A draw the link A O 
parallel to a o, and across the space C the link C 
parallel to c o. 

Close the polygon, and draw o b parallel to the link 
B thus formed. 

a b represents the weight drawn to scale. 
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Fig. 81. 



159. A lever 6 ft. long, weighs 20 lbs. If a weight of 
80 lbs. be placed 2 ft. from the fulcrum, which is at the 
end, find the power necessary at the other end to support 
it. The weight of the lever acts at its centre of gravity. 
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Fig. 82 shows the lever and the position of the forces. 

Draw the forces a b and b c and the three vectors. 

Draw the links as before, and clo«e the polygon. The 
closing line indicates how the vector o d is to be drawn. 

c d is the power drawn to scale. 

160. Reactions of the supports of framed struc- 
tures. —It should be noted in the case of a simple beam 
that the proportion of a loud borne by each support is in 
the inverse ratio to the perpendicular distance of its 
line of action from the support. 

so Ik so lbs 

A j B j C 




The same rule holds good for framed structures of 
every description, hence the reactions on their supports 
can be found in a similar manner. 

To prove this we will take one simple example and 
compare the results arrived at graphically and arith- 
metically. 

Fig. 83 illustrates a roof truss with a load of 6 cwts. at 
the ridge. 

The reactions B C and C A are given by b c and c a on 
the force diagram, which arc found to represent 3J cwts. 
and 2£ cwts. respectively. 

161. The span shown in the figure is 12 ft. and fclia. 
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line of action of the 6 cwts. is 7 ft. from x and 5 ft. from y. 

Taking the moments about x, we have the reaction 

of BCxl2f=6 cwts. x 7', therefore the reaction of 

6 cwts. x 7' 
BG= - |o>""~ = 3£ cwts. ; and taking the moments 

about y, we have the reaction of G A x 12' =6 cwts. x 5', 



therefore the reaction of G A = 



6 cwts. x5' 



12' 



=2J cwts. 




Fig. 83. 

It will thus be seen that the results obtained graphi- 
cally correspond with those found arithmetically. 

162. The advantage of the graphic method over the 
arithmetical one for finding the reactions of the sup- 
ports is quite apparent, when it is pointed out that the 
former method is the same for all kinds of structures, 
whereas the latter often involves difficult calculations. 

In order to show the application of the graphic 
method a few typical cases are given. As the method 
of procedure is exactly the same as that for a simple 
beam, only the points not previously noted will be 
commented upon. 
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163. Suppose a truss as shown in Fig. 84 carrying an 
evenly distributed load of 3 tons on the top beam. 

Find the reactions at the supports. 

As the load is evenly distributed along the entire 
length of the beam, it may be considered as being 
accumulated at its centre, or as being transmitted by 
the beam to the joints, one-half being on each. 

J 1 tons. li\tons „ li\tons 





■<- - 1-1 




Both cases are worked out, and it should be noticed 
that the result is the same in each case. 

A 




Fig. 85. 



Fig. 85 shows a Warren girder with three loads on 
the bottom boom. 



Vi 
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Fig. 86 is a diagram of a short N girder with two loads 
on the top boom. 

164. Before proceeding with the roof truss it is neces- 
sary to understand what the load is composed of, and 
how it is transmitted to the truss. 

The load consists of the weight of the truss itself, the 
weight of the covering, snow, and wind pressure. The 
weight of the covering depends on its nature. The 
wind pressure is not vertical, but its vertical component 
can be found. 



A Qfl © c 




Fig. 86. 

The student may assume that the total vertical load 
on a roof is 56 lbs. per square foot of the external sloping 
surfaces. 

Suppose a space 30' x 24' to be roofed. Fig. 87. 

This would necessitate two king-post trusses at 10' 
centres. These with the ridge and purlins would divide 
the roof into 12 equal spaces. 

Taking the rise to be J of the span, the slope would 
measure nearly 14 \ ft. The area of each slope would 
be 14£'x30'=435 sq.ft. 

The total weight would then be (2 x 435) half cwts., 
or 435 cwts. ' 



HEIGHT ON ROOF TRUSS 

spread over 12 spaces, so the weight of each 
+35 
r^-owts.=36£ cwts. 

Taking the spaces A and D, the common rafteis 
transmit half of the loads to the wall-plates and half 
to the purlins. Taking the spaces B and C\ half the 
weight on each is transmitted to the purlins, and the 
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other half to the ridge, 
get 36| cwts. and each 

But the purlins and 
loads, one end of each 
the other by the truss, 
load on each. In the 
thai I lie same truss si 
adjoining spaces. 

Therefore, in the abo 



Thus the ridge and each purlin 
wall-plate 184, cwts. 
ridge aro beams with distributed 
being supported by the wall, and 
hence the truss supports half the 
same manner it can be shown 
pports a like amount from the 

e example, the niU'Un*w\ivA^ 
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transmit 36J cwts. each to the truss and 18J cwts. 
comes directly on each wall, and the ridge, purlins, and 
walls are the points of application of these loads. 

165. If the roof be symmetrically planned, the magni- 
tude of the loads at the different points of the truss can 
be obtained as follows : — 

Divide the total weight of the roof by the number of 
spaces into which the trusses divide it, and the weight 
thus obtained is again divided, so that each purlin and 
ridge gets twice as much as each wall. 

166. If a roof truss be symmetrical and symmetri- 
cally loaded, the reactions of the supports will be equal, 
each equal to half the sum of the loads. 




t : A... I- J 

k — 1 — ■ : - 1 



Fig. 88. 



167. As an application of the funicular polygon to a 
roof truss Fig. 88 is given. It shows a total load of 50 
cwts. on one side, and a load of 40 cwts. on the other. 
t* It should be carefully noted how these loads are 
applied to the truss. 
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Letter the spaces between the external forces, and 
draw the line of loads tt br.de. j. 

The loads A B and E F come directly on the wall, and 
are entirely independent of the truss. 

What we have to find out is what proportion of the 
loads BO, 0D and D E each wall bears, and for this 
purpose our line of loads is b c d e. 

Take a pole and join b, e, d, and c to it. Make a 
funicular polygon with the links parallel to these vectors, 
and draw o g parallel to the closing link. 

tg now represents the proportion of the three loads 
borne by the wall F G, but in addition to this, it sup- 
ports the load E F which is represented by e /, therefore 
the total reaction of the wall F Q is shown by the 
line / g. 

Similarly g a represents the total reaction of the 
wall Q A. 

168. Since the resultant of all the forces exerted by 
a body passes through its e.g., and since the funicular 
polygon proves the most convenient method of obtain- 
ing the resultant of a number of parallel forces, it can 
be applied to find the e.g. of a body which has to be 
divided into a number of segments. 

Suppose it is required to find the e.g. of the section 
shown in Fig. 89. 

Divide the figure into three parts as shown, and find 
the e.g. of each portion. The weight of each part may 
now be considered as accumulated at its e.g., and acting 
in a vertical direction. 

Through the e.g. of each draw vertical lines. D E 
now gives the line of action of a force which is equal to 
the weight of the bottom portion ; E F gives the line of 
action of a force which is equal to the weij£,bA q! *»& 
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Fig. 89 
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die portion ; and F G the line of action of a force 
equal to the weight of the top portion. 

Draw a force diagram making d e equal to the weight 
of the bottom portion, e / equal to the weight of the 
middle portion, and / g equal to that of the top portion. 
Take any pole and draw the funicular polygon. 

The forces are represented by D E, E F, and F G, 
therefore the resultant force is d g. and the intersection 
of the links D and G will give a point in its line of 
action. 

Let them meet at y. Through this point draw the 
perpendicular xy, then the e.g. is in this line, and the 
resultant force of the whole mass acta along it. 

All that is required for present use is the magnitude 
of the resultant force and its line of aetion. The above 
method will give it whatever be the number of segments 
. into which the figure is divided. 

Should it be required to ascertain where in the line 
xy the e.g. is situated, the whole figure may be con- 
sidered as lying on tin* side B 0. 

In this case K L, L M, and M N would give the 
directions and positions of the forces exerted by the 
bottom, middle, and top portions respectively. 

By drawing a new force diagram, and proceeding as 
before, x'y' is obtained, and the e.g. of the whole figure 
is at the point where this intersects x y. 

Examples to Chapter V 

1. A beam rests on two supports, A and B, 10 ft. 
apart. If a load of 15 tons be placed 3 ft. from B, 
what are the reactions of the supports ? 

2. A girder weighing 1 ton, and 15 ft. lonft, < 
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load of 1 J tons 4 ft. from one end, and another of 2 tons 
5 ft. from the other end. 

Find the total load on each support. 

3. A beam weighing 75 lbs., and 9 ft. long, is sup- 
ported on two props. 

If a weight of 25 lbs. be placed 3' 6" from one end, what 
are the thrusts of the props ? 

4. A beam rests on two walls 12 ft. apart. If it 
weighs 90 lbs., where must a weight of 60 lbs. be placed 
so that the one wall will carry twice as much as the 
other ? 

5. Fig. 1 shows a beam supporting three weights. 

cults curti cats 
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t 2 ' * £ * J' * J' \ 
Ex. Ch. V.— Fig. 1. 

At what point could they be accumulated so as not 
to interfere with the reactions ? 

6. A rod 6 ft. long, and weighing 3 lbs., acts as a lever, 
the fulcrum being 2 ft. from one end. 

If a 6 lb. weight be placed at the end of the shorter 
section, what weight must be placed at the other end of 
the bar to balance it ? 

7. A king-post truss carries a distributed load of 
5 tons. 

Draw a line diagram of the truss, and indicate the 
amount of load at each point of support. Span =25 ft. ; 
pitch=30°. 

8. Fig. 2 shows a girder loaded at two points, 
Find the reactions of A and JS, 
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Ex. Ch. V.— Fig. 2. 

9. Find the reactions due to the three loads shown in 
Fig 3. 




Ex. Ch. V.— Fig. 3. 



10. Find the total reaction of each support due to the 
three loads shown in Fig. 4. 
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Ex. Ch. V.— Fig. 4. 



Chapter VI 



BENDING MOMENTS, AND SHEARING FORCE 

169. In Chapter II it was explained what Bending 
Moment (B.M.) means, and how to find it arithmetically. 

We will now proceed to find it graphically. We 
will take the case of a simple beam loaded at different 
points, as shown in Fig. 90. 




Fig. 90. 



Draw the funicular polygon, and find the reactions 
as shown in the last chapter. 

First, let it be required to find the moment about 
x. Draw the perpendicular x y, cutting the funicular 
polygon in m and n. 

Now the resultant of all the forces on one side of 

106 
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x is equal to the resultant of all the forces on the other 
Bide (§ 145). 

There is only one force on tlie left of x, so E A is 
the resultant, and e a on the force diagram represents 
this. 

Taking the triangles to n p and e a o, since m n is 
parallel to ea, pm parallel to e o, and p n parallel to 
a o, these two triangles are similar in every respect. 

Draw the perpendiculars p r and o s from p and o to 
IN n and e a respectively. 

Then m n : pr : : ea : os 

and ea x pr = mn x os. 

But e a is the force E A and p r is its perpendicular 
distance from the point x. 

Therefore e a x pr = the moment of all the forces 
about x. 
But ea x pr=mH x o s, 
therefore mn x o s = the moment of all the forces 
about x. 

m n is the perpendicular clista iii ■<• ai-ross the funicular 
polygon directly beneath x, and o ,y is the perpendicu- 
lar distance of the pole from the line of loads. 

Next, let it be required to find the moment about g. 

Draw the perpendicular g h, meeting the funicular 
polygon in i and j. 

The forces on the right of this section are C D and 
D E, therefore the resultant is represented by c e, and 
it acts where the links C and E meet, that is at k 
<§ 1*5). 

Because i k is parallel to go, jh parallel to c o, and 
j i parallel to c e, the two triangles j i k and ceo are 
similar. 

Draw kl perpendicular to gh. 
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Then j i : k I : : c e : o x, 
and ce x k I = j i x oa. 

Since c e is the resultant of the forces on one side 
of g, and le I the perpendicular distance of its point of 
application from the section, 

therefore et x k I = the moment of the resultant of 
G D and D E about the point g, 
or, cexH = the moment of C D and D E 
about g {§ 44). 
But c e = e c, and e e is the resultant of 
E A, A B, and BC, 
therefore ce x ft/ = the moment of E A, A B, and 
B C about g. 
Again, ce x kl = ji x os, 
therefore ji x o s = the moment of CD and D E 
about g t 
and j j x os = the moment of ff X, vl B and 
B about p/. 
But j i is the perpendicular distance across the 
funicular polygon directly beneath the point g, and 
os is the perpendicular of the pole from the line of 
loads. 
o s is called the " polar distance." 
It is now evident that the B.M. at any part of the 
beam is given by multiplying the perpendicular across 
the funicular polygon beneath that point by the polar 
distance. 

But for any one funicular polygon the polar distance 
is constant, therefore the B.M. varies directly as the 
perpendiculars (or ordinates) across the polygon. 

For this reason the funicular polygon is called the 
Bending Moment diagram. 

170. The ordinates of the B,M. diagram must 
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I with the lineal scale, but the polar distance, 
being on the force diagram, must be measured with the 
force scale. 

171. Up to the present the pole has been taken at 
any point, but it will now be seen that, if the bending 
moment is required, it is advisable to place it so that 
its perpendicular distance from the line of loads will 
represent a definite number of lbs., cwts., or tons. 

172. It will also be noticed, that it would be much 
more convenient if a scale could be found with which 
the bending moment could be measured directly off the 
ordinates, instead of measuring the ordinates with the 
lineal scale and multiplying this by the polar distance. 

Suppose in Fig. 89 that os represents 4 cwts., and 
that the lineal scale is £" = 1 ft., then if an ordinate 
measures 1" it represents 4 ft., but this must be multi- 
plied by 4 cwts., so an ordinate of 1" represents a bend- 
ing moment of 4 ft. y. 4 cwts, or 16 ft. -cwts. 

This gives a new scale of 1" = 16 ft. -cwts., by which 
tiie moment can be measured directly off the Bending 
Moment diagram. 

173. This new scale is called the " Bending Moment 
scale," and is obtained by multiplying the lineal scalo 
by the polar distance expressed in lbs., cwts., or tons. 

In (§ 172) a bending moment scale of 1" = 16 
cwts. was obtained. This is not a convenient t 
with which to read off the bending moment by applying 
the rule to the diagram. 

To obtain a B.M. scale such that the bending moment 
can be read off directly, the polar distance must be 
taken as 1, 5. 10, 50, or 100, etc. (lbs., cwts., or tone). 

Let the lineal scale in Fig. 90 be |" = 1 ft., and 
(the polar distance) = 5 cwts. 
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Then the B.M. scale is lineal scale .-•: polar distant 
that is l" = 1 ft. x fl cwts. = 5 ft.-ewts., or B.M 
scale is J" ~ 10 ft,-cwts. 

Again, suppus*.- the lineal scale to be j* = 1( 
the polar distance 10 lbs. 

Then the B.M. scale is |" = 10 ft. x 10 lbs., 
or B.M. scale is J* = 100 ft, -lbs. 

By judiciously selecting the polar distance, as she 
above, a decimally divided scale is obtained, 
which the readings can be taken directly off the diaf 
as explained in Chapter I. 

174. Example. — A beam is 20 ft. long and loaded w 
6 cwts. 4 ft. from one end, and 8 cwts. 5 ft. from t 
other. 

Find the greatest B.M. and the B.M. at the centr 

Adopt two scales (say £" = 1 ft. and \" = 10 cwts,). 

Set out the beam with the positions of the 1 
draw the line of loads (Fig. 91). 

Place the pole any convenient distance from tlii 
(say 15 cwts.) ; draw the vectors and B.M. 

Then the Bending Moment scale 

= Lineal scale x polar distance 

= i* = 1 ft. x 15 cwts. = 15 ft.-ewts. 

^-iV* = 10 ft.-ewts. 

With the Bending Moment scale measure the ordinate 
at the widest part of the B.M. diagram and at the centr 

These represent a bending moment of 3fi ft.-ewts. : 
32 ft.-ewts. respectively. 

The greatest B.M. is at the point where the 8 cwts. is 
placed, and it should be noticed that it is always under- 
neath one of the loads. 

175. Problem. — A beam 16 ft. long is supported at 
both ends. A load of 12 cwts. is placed 3 ft. from one 
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end, a load of 10 cwts. is placed 4 ft. from the other, 
and a load of 15 cwts. is placed at the centre. 
Find: 1. The reactions of the supports, 

2. the greatest bending moment, 

3. the moment of the 12 cwts. about the centre, 

4. the moment of the three loads about the centre. 
Taking two scales, such as \" = 1 ft. and %" = 10 cwts., 

set out the beam (Fig. 92), and draw the force and B.M. 
diagrams. 

1 2 cwts 15 cwts lOeu/ls 
A J B j C J D 
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Tlie B.M. scale = Lineal scale x polar distance. 

= J* = 1 ft. x 30 cwt. = 30 ft.-cw 
= jV" = 10 ft.-cwt. 

1. The reactions of D E and E A are represented 1 
d e and e «■ on the force diagram and are 17-25 cwts. i 
19-75 cwts. respectively. 

2. The greatest B.M. is at the centre, and is 
sented by / /, which scales 98 ft. -cwts. 

3. Note that the first and last letters of the 1 
load are A and B. The moment of .4 B at the centr 
will, therefore, be represented by tlie length of thi 
ordinate from the centre intercepted between the lin] 
A and B 0. 

Referring to the diagram, it will be seen that the li 
A does not extend as far as tlie perpendicular, 
must be produced until it does, thus cutting off t 
ordinate f g, which scales 60 ft. -cwts. 

4. The three loads constitute the three forces A . 
BG, and CD, the first and last letters of which i 
A and D. The moment of these about the centre \ 
be represented by the portion of the perpendicular from 
the centre intercepted between the Units A O and D C 

The link D O must be produced until it meets t 
perpendicular at A. 

A3 gives the required moment, which is 20 ft.-c 

176. The Bending Moment diagrams can be appli« 
to beams supported at one end (cantilevers) as well 
to beams supported at both ends. 

Fig. 93 shows a cantilover loaded at the outer £ 
It is required to draw the B.M. diagram. 

Draw the load line a b, and select a pole. 

(In the case of cantilevers it is more convenient to 
place the pole so that the closing line of the B.M 
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diagram will be horizontal. To obtain this, the po]e 
is placed opposite the top or bottom of the line of loads.) 

Draw the vectors a o and b o. From any point on the 
support draw the link A O parallel to ao until it inter- 
cepts the line of action of the load. From this point 
■ draw the link B parallel to b o. The triangle thus 
formed is the B.M. diagram, and from it the moment 
at any part of the beam can be obtained by dropping 
perpendiculars as previously shown. 

In the case of a cantilever with the single load, the 
B.M. can bo much more conveniently found by multi- 
plying the load by its distance from the point selected. 




Fio. B3. 



TIiub, if the load be 5 cwts., and the cantilever 8 ft., 
the B.M. at the wall end is 8 ft. x 5 cwts,,or40ft.-cwts., 
and 2 ft. from the wall it is 6 ft. x 5 cwts., or 30 ft.-ewts. 
177. Problem. — A cantilever 8 ft. long supports a 
load of 3 cwts. at its centre., 2 cwts. at its outer end, 
and 1 cwt. midway between these. 
It is required to find — 

(a) the greatest bending moment, 

(6) the resultant of the 3 cwts. and 1 cwt., and 

its point of application, 
(c) the resultant, of the three loads and its point of 
application, 
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and (d) what load can be placed at the end of the 
beam to produce the same strain at the wall 
end as that caused by the three loads. 
Having decided upon the scales, set out the beam as 

shown in Fig. 94. Draw a line of loads and select a 
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pole. Join a, b, c, and d to o, and draw the links A O, 
B 0, C and D parallel to a o, b o, c o and d o respec- 
tively. The figure thus obtained is the Bending 
Moment diagram. 
(a) A glance will show that the greatest B.M. is at the 

wall end, and this measured by the B.M. scale 

gives 34 ft.-cwts. 
(6) The two loads are A B and B C, therefore a c, 

which is equal to 4 cwts., is the resultant, and 

this acts where the links A and C meet. A 

perpendicular from this point to the beam gives 

the point x, 4| ft. from the wall, 
(c) The three loads are A B, B C and G D, therefore 

the resultant is represented by a d, which equals 
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6 cwts., and the intersection of the links A 
and D gives a point in its line of action. A 
line through this point parallel to a d gives the 
point y on the beam, 5f ft. from the wall. 
(d) With the load to be substituted, the B.M., I m, is 
to remain the same. Since the same pole can 
be used, the link D remains. Join I n. Then 
Imnm the new B.M. diagram. 
From o draw a vector parallel to In. Let this meet 

the load line at e. 
e d is the new load, which is equal to 4J cwts. 
178. Bending Moment with Distributed Loads. — 
We have now to consider the strain caused by an evenly 
distributed load. 

We will first draw a B.M. diagram as if the whole load 
x y were concentrated at the centre of the beam (Fig. 95). 
The triangle p q r is this diagram. 

AIBICIDU'AFICIHU J 
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Fig. 95. 



Now divide the load x y into a number of equal parts, 
and place them at equal distances apart on the beam. 

Draw the vectors and complete the B.M. diagram. 

It will be seen that the B.M. is much less at the centre 
when the load is so split up, and that the links appear 
to form the chords of a curved line. If the lo*&Vs>^ 
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been divided into a greater number of equal pai 
equidisfcantly placed, this would have been more j 
parent still. 

But the limit to the division of a load is to even] 
distribute it along the entire length of a beam, 
that case the B.M. at the centre is one-half what i 
would be if the load were concentrated at the centre 
and the links would form one continuous curve of i 
parabolic form with the vertex at the centre. 

179. In order, then, to draw the B.M. diagra 
a beam with a distributed load, we must know how t 
draw a parabola. 

To show this we will take an example. Fig. 96 sho' 




a beam with an evenly distributed load which is equal t 
a b on the force diagram. 

Draw the B.M. diagram k el as if the whole load 
were at the centre. 

Bisect d e at /, and through / draw g j h parallel to 
kl, and complete the parallelogram kg hi. 

Divide leg into any number of equal parts, and join 
each point to /. Divide k d into the same number of 
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equal parts, and from each point thus obtained, drop 
perpendiculars. 

By numbering the points in both directions from k, 
as Bhown, the perpendicular from 1 should meet the 
lino 1 /, the perpendicular from 2 should meet 2 /, and 
so on. A curved line through these intersections forms 
the figure k d /, which is half the parabola, and is half 
the required B.M. diagram. 

The other half can be drawn in the same way, but, 
since the diagram will be symmetrical, this is unneces- 
sary. If the B.M. be wanted at any point on the second 
half of the beam, a point can be taken similarly placed on 
the first half and the B.M. at that point ascertained. 

Of course, the bending moment at any point is ascer- 
tained from the diagram as previously shown, i.e. by 
finding the B.M. scale and measuring the ordinate 
beneath that point. 

180. A cantilever with a distributed load gives, like 
the beam, a maximum B.M. equal to one-half what it 
would be if the load were concentrated at the farthest 
point from the support. 

Fig, 97 is given as an illustration. 
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Set out the cantilever to scale, and draw ab equal 
to the total load. Select a pole, draw the vectors, and 
the bending moment diagram Imn. 

I m gives the B.M. at the wall if the total load were 
concentrated at the end. Bisect this in /, and complete 
the parallelogram mfgn. 

Draw the semi-parabola m/nas explained in § 179, 
then m / % is the B.M. diagram. 

It should be noticed that in whatever form a can- 
tilever is loaded, the B.M. at the unsupported end is 
nil, and that it increases as the wall is approached, 
reaching its maximum at that end. 

181. Cantilevers and beams supported at both ends 
may have concentrated and distributed loads at the 
same time. If the weight of the beams themselves be 
considered, then there is always a distributed load. 

A B.M. diagram of a cantilever under the two systems 
of loading is shown in Fig. 98. 





Fig. 98. 



The figure Imnp is the B.M. diagram for the two 
concentrated loads, and the figure spn the B.M. 
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diagram for the uniformly distributed load which 
is represented by c d on the line of loads. 

In order to find the B.M. at any point, verticals 
must be drawn across the figure slmn and measured 
as before on the bending moment scale. 

182. Fig. 99 shows the B.M. diagram for two con- 
centrated loads and a uniformly distributed load on a 
beam supported at both ends. 




The B.M. diagram for the concentrated loads is drawn 
as already explained. This diagram being below the 
closing link, it will be necessary to place the B.M. 
diagram for the distributed load above it. On the line 
of loads set off d e and d /, each equal to one.- half of tbo 
distributed load, e / will then be equal to the whole 
distributed load. 

From the ends of the closing link draw links parallel 
to the vectors e o and / o. The perpendicular g h would 
give the B.M. at the centre if the whole of the distri- 
buted load were concentrated there. Bisect q h in. i. 
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and with the closing link as the chord make a parabola 
passing through the point t. Tiiis parabola, together 
with the B.M. diagram for the conren tinted loads, gives 
the required Bending Moment diagram. 

183. Shearing Force. — It has been shown that a 
load placed on a beam tends to produce rotation, which 
tendency is called " the bending moment." A load 
placed on a beam, besides lending to produce rotation, 
also tends to cause one portion to slide vertically past 
another, as shown in Fig. 100. 

This second effect of the 
s~~ -. load is like that of the jaws 
I W ) of a shearing machine, so 
~^Y the tendency of the weight 

I _ to produce vertical move- 

' ment at any section is 

called the Shearing Force 

(S.F.) at that section. 

To prevent this movement, the end B of A C must 

exert forces or stresses on the end D E of D F sufficient 

to keep it in position. The amount of the stress is 

clearly equal to the vertical force W. 

Taking 

b T 



bola 



r 






w" 

Fid. 101. 



the Shearing Force 
force W", Iheroforc the 



Fig. 101, the 
Shearing Force at c c is 
equal to IT, but, proceed- 
ing to the section b b, 
this force is diminished 
by the upward force W, 
so the Shearing Force at 
b b is W—W. Proceeding 
again to the section a a 
augmented by the downward 
,F. at a a is W - W + W". 
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Since, in Fig. 101, there are four parallel forces i 
equilibrium, the " reaction of the wall " is equal to 
W - W + W". Commencing on the left : the S.F. at 
an, is equal to the reaction of the wall, i.e., W — 



II" 



II". 



To the left of b b the forces are the reaction of the wall 
and W acting in the opposite direction, therefore the 
S.F. at b b is {W - W + W) - W" = W - W. 

To the left of c c the forces are the reaction of the 
wall, W, acting downwards, and W, acting upwards, 
therefore the Shearing Force at cc ifl (W — It" I IF") 

- w + w = w. 

These results correspond with tho.se obtained for the 
various sections when considering the forces on the 
right of those sections. 

Hence the S.F. at any section is obtained by finding 
the algebraical sum of all the forces on either side of 
the section. 

184. By drawing ordinates from each point on the 
force diagram across the space represented on the beam 
by the same letter as that which distinguishes 
that point on the force diagram, a Shearing Force 
diagram can be obtained which will graphically repre- 
sent the S.F. at every point of the beam. 

An examination of Figs. 102, 103 and 104 will make 
this clear. 

185. Ordinates across the Shearing Force diagram 
perpendicularly under any point of the beam, and 
measured on the force scale, will give the Shearing Force 
at that point of the beam. 

For the S.F. at any part of the space A (Fig. 104) is 
given by a b — b r. + c d or d 11 ; the S.F. at any part 
of the space B is given by d a — a b or b d ; and the S.F. 
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at any part of the apace C is given by da — ab + be 
or c d . 

1 86. If a cantilever carries a uniformly distributed 
load, the S.F. at the unsupported end ie nil, but it 
gradually increases as the wall is approached until at 
that end it is equal to the total load. 

The S.F. diagram is therefore drawn as shown in 
Fig. 105. 
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Fig. 105. Fig. 106. 

187. Fig. 106 shows a cantilever with a load dis- 
tributed over a portion of its length. It will be noticed 
that the S.F. for the whole space A is equal to the 
total load, but that under the load it gradually dimi- 
nishes towards the outer end. 

188. If necessary the Shearing Force due to concen- 
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I and uniformly distribute loads on a cantilever 
can easily be shown on one diagram. 

Fig. 107 shows such a Shearing Force diagram where 
c d represents tiie uniformly distributed load. 

189. The Shearing Force 
diagrams for beams sup- 
ported at both ends are 
obtained in the same way as 
those for cantilevers, but as 
the S.F. is the algebraical 
sum of all the forces on either 
side of the section taken, and 
the reactions of the supports 
are forces acting on the 
beam, it will be necessary to 

find them. This has been done, as will be seen on 
referring to Figs. 108 and 109, by means of the funi- 
cular polygon. 

If the -polar distance, be known, then these funicular 
polygons also serve as Bending Moment diagrams 

(S in). 

The Shearing Force diagrams are obtained, as pre- 
viously explained, from the force diagram. An ex- 
amination of the two shearing force diagrams should 
make this quite clear. 

Figs. 108 and 109 show how to draw the B.M. and 
S.F. diagrams for an irregularly loaded beam in one 
figure. 

190. If a beam carries a uniformly distributed load, 
the S.F. at each end is equal to the reactions of the 
supports, each of which is equal to one-half of the load. 
From each end it gradually diminishes as the centre of 
the beam is approached. 
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Fig. 108. 




Fig. 109. 



Figs. 110 and 111 show alternative ways of drawing 
the Shearing Force diagram under these circumstances. 

191. In order to show on one diagram the S.F. due to 
the two systems of loading of a beam supported at both 
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Fig. 111. 



ends, it is necessary to modify the S.F. diagram of 
Fig. 109. 

This modification, together with the diagram showing 
the Shearing Force of the uniformly distributed load, 
is shown in Fig. 112. 
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Fig. 112. 



Examples to Chapter VI 

1. What does " the bending moment " mean ? 

2. How is the B.M. scale found ? 



126 ELEMENTARY PRINCIPLES OF GRAPHIC STATICS 

In a certain exercise the lineal scale was ^and the 
" polar distance " 5 cwts. 
Give the B.M. scale. 

3. A beam, 15 ft. long and supported at both ends, 
carries a load of 2-5 tons 6 ft. from one end. 

Find the greatest B.M. and the B.M. at the centre. 

4. Draw the B.M. diagram for a beam 20 ft. long with 
a distributed load (including its own weight) of 15 tons. 

5. A cantilever, 8 ft. long, supports a load of 5 cwts. 
at its outer extremity. 

Find, geometrically, the moment about the centre. 

6. What is meant by " the Shearing Force ? " 

7. A cantilever 10 ft. long has a distributed load of 
3 cwts. per ft. on the outer half. 

Draw the Shearing Force diagram, and give the S.F. 
at the wall end. 

8. A beam, which is supported at both ends, and 
is 20 ft. long, has a load of 6 tons placed 6 ft. from 
one end. 

Find the " bending moment " and the " shearing 
stress " at the centre of the beam. 

9. A beam, fixed at one end and IT 6" long, supports 
three loads — 5 cwts. 3' 10" from the wall, 6 cwts. 
T 8" from the wall, and 2 cwts. at the unsupported 
end. 

Find the B.M. and S.F. at the centre. 

10. A girder 20 ft. long supports a load of 5 cwts. 
6 ft. from one end and a load of 7 cwts. 4 ft. from the 
other. 

What load could be placed at the centre of a similar 
beam, so that the maximum bending moment may be 
the same as that at the centre of the given beam ? 



Chapter VII 
STRESS OR RECIPROCAL DIAGRAMS 

1 92. It has been shown in Chapter IV that forces can 
be applied along certain directions to resist the action 
of some force or forces and so maintain equilibrium. 

The usual method of introducing these new forces 
is by means of bars of iron or wood. The members thus 
introduced have to exert a certain amount of force, 
depending on the magnitude of the force or forces they 
have to resist, and on the angles at which they are 
applied (§ 97). The resistance thus brought forth from 
the bar is called " the stress," and by means of the tri- 
angle or polygon of forces its magnitude and direction 
can be obtained. 

193. It was also shown in §92 that a bar exerting a 
force at one end exerts an equal and opposite force at 
the other. Hence these new members are only intro- 
duced to transmit the force from one point to a more 
convenient one, either to the point of support, or to a 
point where other members can be introduced to further 
transmit it. 

As an example of the former see Figs. fi8 and 59, where, 
to support the weight, two members are introduced. 
These are secured to the wall, to which the force exerted 
by the weight is conveyed. 

To illustrate the latter the cantilever shown in Fig. 
113 will be examined. 
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If we only consider the force A B and the bars B G 
and G A, we have a repetition of Fig. 59, and the magni- 
tude and direction of the stresses set up in B G and G A 
are given by the lines b c and c a in the triangle ab c. 
The bar B G is exerting a force towards the load, there- 
fore it exerts an equal force towards the joint at the 

Z tons. 




Fig. 113. 



opposite end, and is in compression (§ 92). C A acts 
from the load, consequently it acts from the opposite 
joint, and is in tension. 

We will now examine the joint at the lower end of 
B G. We have there three bars, B D, DG, and C B, 
but we have just determined the magnitude and direction 
of the force exerted by G B. It is represented by c b. 
By reproducing c b } and drawing lines parallel to B D 
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and D C the triangle cb d is obtained, and the lines b d 
and d c give the magnitude and direction of the stresses 
set up in B D and D C. It will be seen that B D is a 
compression bar and DC a, tension bar. 

Proceeding to the opposite end of D C, we have four 
bars, A C, C D, D E and E A. Two of these, A C and 
CD, have already been determined, and, since they are 
tension bars, they act away from the joint. Draw a c 
and c d to represent these in magnitude and direction, 
remembering that the order in which the letters are 
placed must indicate the direction of the force repre- 
sented by the line. 

From a draw a line parallel to E A, and from d a line 
parallel to D E . Let these intersect at e. Thenrfeand 
e a will represent the stresses in the bars D E and E A. 

194. The student will no doubt have noticed that 
instead of reproducing c b, the triangle cbd could have 
been made on the c b of the first triangle, and that the 
figure thus obtained could have been utilized to form 
the last figure. The figure abdec is formed by com- 
bining the tliree figures in this way, and, since the stress 
in each member of the cantilever can be obtained from 
it, it is called the " stress diagram." 

The combination of the various force diagrams in this 
manner saves time and prevents mistakes arising through 
inaccurately transferring the measurements. 

195. The magnitude of the stress in each bar is obtained 
by measuring with the force scale. 

196. The stress diagram, being a force diagram, must 
close. 

197. The loads and the reactions of the supports are 
called the exterior or external forces, and the stresses are 
called the interior or internal forces. 
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198. The method of procedure in drawing a 
diagram ia almost the same in every case, and, 
student thoroughly understands one, lie will have 
difficulty in applying I lis knowledge t 
blerns. For this reason it is intended to more fully ex- 
plain how the forces act in the cantilever shown in 
Fig. 113. The frame and stress diagrams of that figure 
are reproduced in Fig. 114, with the joints of the frame 
diagram numbered for reference. 

199. It was explained in the chapter on Bow's nota- 
tion, that, if the known force (or forces} acting at a 
point be named in clockwise order, and if the first letter 
of such name be placed first in the line of action of the 
line representing such force (or forces), then the letters 
naming the other forces will, when taken in the same 
direction round the figure, give the direction of the un- 
known forces. 

It was also explained that compression bars exert an 
outward force (i.e. towards the joint) at each end, and 
the tension bars an inward force (i.e. from the joint) 
at each end. 

If, then, it is necessary to find the kind of stress in a 
bar, all that is required is to select a joint at one of the 
ends of a bar, name it in clockwise order, and follow the 
direction of the corresponding letters on the stresB 
diagram. 

As an example, we will take the vertical bar (Fig. 
114). 

If we select the joint marked 2, this bar is DC D 
is the first letter, so d on the line d c of the stress diagram 
is the first point in its course of action, hence the force 
acts upwards from the joint 2. Proceeding to the joint 
3, the bar, when named in clockwise order, becomes 
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CD. G is now the first letter, and, turning to the stress 
diagram, we find that from c to d is a downward direc- 
tion. G D, therefore, acts from the joint 3. Hence the 
bar G D or D G is in tension. Since both ends of a bar 
exert the same kind of force (i.e. inwards or outwards) 
only one end need be examined. It should be noticed 
that, when considering one end of the bar, the stress 
was given by c d, and, when considering the other end, 
it was represented by d c. 




Fig. 114. 



What has been said about the bar G D and its re- 
ciprocal line c d, applies to all the bars and their recipro- 
cals. 

200. Taking the joint marked 1, the forces are A B, 
B G and G A, and these are represented in magnitude 
and direction by a b, b c, and c a, that is, to maintain the 
load A B y the bar G A must exert a pull equal to 
3 tons, and the bar B G must push with a force equal 
to 4-2 tons. In order that G A should exert a pull, the 
other end must be attached to something to which it 
transmits the force as shown by the string (§ 93). It is 
secured to the joint 3, and here it exerts a pull equal to 
3 tons, as shown by a c on the stress diagram. 
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B C pushes against the load, and, by doing so, press 
towards the joint 2 with a force, as shown by c 
to 4-2 tons. To resist this thrust the two bars B D a 
D are introduced. The bar B D, as shown by I 
pushes towards the joint with a force equal to 3 t 
and by doing this exerts an equal pressure against t 
wall at the joint 4. The bar D C has to exert an u 
pull at the joint 2, which, as we have already s 
means a downward pull at the joint 3. This j 
given by c d as being equal to 3 tons. This i 
ward pull of C D is resisted by the action of the 1 
D E and B A, D E pushes towards the joint 3 wit 
force equal to 4*2 tons, and consequently exerts 
equal pressure against the wall at the joint 4. The p 
in E A caused by the action of C D and D E is show 
by e c to be equal to 3 tons, but in addition to this, ; 
has to resist the pull of A 0. therefore the 
tension in E A is equal to (i tons, as shown by e a t 
the stress diagram, and this acts away from the joint 5 

201. Having ascertained the kind and amount i 
stress of each bar, we will now consider the effect on t 
wall. 

We have seen that at the joint 5 there is an outw 
pull of 6 tons. At the joint 4, B D gives a direct thi 
of 3 tons, and E D an oblique thrust of 4'2 1 
E D must be resolved into its vertical and horizonta 
components, each of which is equal to 3 tons, . 
shown by ex and xd. The total horizontal thrust : 
the joint 4 is therefore equal to 6 tons. 

Hence the two horizontal reactions of the wall i 
I'juli equal to 6 tons, hut opposite in direction, and ( 
vertical reaction of the wall is equal to 3 tons. 

zo2. The same principle underlies the constructi 
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of aLI framed structures, viz. the transference of a force 
from one point to another where it can be more con- 
veniently dealt with, and, as the known forces can be 
utilized to discover the unknown ones, the stress in 
every part of a framed structure can be ascertained by 
means of the stress diagram. 

203. The stress diagram is a valuable check on results 
arrived at arithmetically, and if a structure be badly 
designed, the stress diagram at once makes it apparent 
by exposing the redundant members, and refusing to 
close if necessary members are omitted. 

204. Having determined the kind and amount of 
stress which the proposed load will produce in each 
member of a framed structure, the sectional area of the 
members can be determined. 

205. It is now intended to find the stresses produced 
by given loads in the members of the more comi 
structures. After what has been said about the action 
of forces, and the explanation of the stress diagrar 
this chapter, the student will have no difficulty in fol- 
lowing them. 

The method of procedure is as follows : — 

(1) Set out the structure to scale. 

(2) Adopt a force scale and draw the line of loads, 

(3) Determine the position of the loads, and indicate 
them on the structure. The loads are to come on 
joints of the structure. If the true position of a load 
be at some intermediate point of a bar, it must bi 
divided that each joint at the end of the bar gets its 
proper proportion of the load. 

(4) Determine the reactions of the supports. If the 
structure be symmetrical and symmetrically loaded, 
each reaction will be equal to half the load ; if not, tha 
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reactions may be determined by means of the funicular 
polygon. 

(5) Place letters (or numbers) between all the exterior 
forces, and then in all the spaces of the frame. 

(6) An exterior force (usually one of the reactions, 
though not always), is now chosen where not more than 
two members act, and resolved along their directions. 

(7) At the next joint one of these is combined with the 
exterior force (if there be one), and resolved along the 
direction of the other bars. This process is continued 
until all the bars are resolved. 

206. Fig. 115 shows a span roof with a load concen- 
trated at the ridge. 

1 

8 




Fig. 115. 

At the ridge there are three forces, the load A B and 
the two rafters resisting this. Since there are three 
forces in equilibrium, and A B is known, the triangle of 
forces can be applied to determine the others, a b c is 
this triangle, and, as the names of the rafters in clock- 
wise order are B C and C A,b c and c a give the directions 
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as well as the magnitudes of the forees exerted by tliein. 
These act towards the joint, and are therefore in com- 
pression. Taking the rafter C A, since it exerts a pres- 
sure represented by c a at the ridge, n c will represent the 
pressure it exerts at the foot. This force is resisted by 
the vertical and horizontal reactions of the wall C D, and 
by resolving the force a c along those directions the tri- 
angle a c d is obtained, r. d and d a represent those 
reactions, therefore d c shows the proportion of the load 
A B borne by the wall G D, and a d represents the force 
which tends to overturn the wall. 

The rafter B C presses with a force represented by 
b c towards the ridge, and consequently with a force c b 
towards the foot. This, being resolved in vertical 
and horizontal directions, gives c e the vertical thrust 
and e b the horizontal thrust of the rafter. 

It should be noticed that the two vertical reactions 
of the walls are together equal to the total load. This 
is shown by e c and c d (or e d) being equal to a b. 

The two horizontal reactions are also equal, as shown 
by d a and 6 e. 

207. If one of the rafters be more inclined than the 
other, aa in Fig. 116, we find that the stress in this is 
greater than in the less inclined one, and that this in 
turn produces a greater vertical reaction. 

This is what we should expect, because the line of 
action of the load A B is nearer to E than to C D. 

Again, the sum of the two vertical reactions is equal 
to the load, and the horizontal reactions are equal to 
each other. 

208. Willi six api'inif balances, a few pieces of string, 
and a weight, fitted up as shown in Fig. 117, the student 
may perform a very interesting experiment for himself- 



136 ELEMENTARY PRINCIPLES OF GRAPHIC STATICS 



The only difference between this and the two previous 
examples is that the directions of the forces are reversed, 
but this will not affect their magnitudes. 




Fig. 116. 
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The weight can be slipped to different positions, and 
the effect on each balance noted. 
Briefly, they are as follows : — 

(a) The more inclined any section of the string becomes, 
the greater is the stress produced. 

(b) The nearer the weight is to one side, the greater is 
the proportion of the weight supported by the vertical 
balance on that side. 

(c) The two vertical balances together always register 
a force equal to that of the weight. 

(rf) And the forces registered by the horizontal bal- 
ances are always equal to one another and opposite in 
direction. 

As an exercise lie should select one of the positions, 
graphically determine the forces, and compare the 
results with those shown on the balances. 

209. In the two previous exercises we have assumed 
that the total load is on the ridge. Each rafter is in 
reality a beam with a distributed load, and half this load 
is supported at each end. Thus the load on the ridge 
is only one half the total load, the other half being sup- 
ported directly by the walls. Fig. 1 18 shows the load 
apportioned in this manner. A new member is also 
introduced. 

Draw ab, be and c d to represent the three loads. 
a d now represents the total load, and d a the total 
reactions. The frame and the loading being symmetrical 
the two reactions will be equal. Bisect da. The re- 
actions of D E and E A are represented by d e and e a 
respectively. Since e a represents the total reaction of 
the wall E A, and the load represented by ab is sup- 
ported directly by the wall, the remainder e b is the 
reaction caused by the load on the frame. 
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By resolving e b in directions parallel to B F and F E 
the triangle e bf is obtained. The sides of this represent 
the forces in magnitude and direction when taken in 
order round the triangle. If we follow them we find 
that B F is in compression and F E in tension. 

We can proceed in a similar manner with the other 
reaction, and obtain the triangle cef, which determines 
the forces exerted by E F and F C. It should be noticed 




Fig. 118. 

that the new member is introduced to resist the outward 
thrust of the rafter, which it does by exerting an inward 
force at each end. 

(We may, if we like, treat the foot of the rafter as if the 
four forces, E A, A B, BF and F E were acting. E A 
and A G are known, and by resolving them along the 
directions of the others, we get a polygon of forces 
whose sides are ea, ab, bf and / e. But a b lies on a 
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portion of ea, and the polygon appears as shown by 
eab f e.) 

210. We will now take a roof, as shown in Fig. 119, and 



A 




Fig. 119. 

suppose the load on each rafter to be 6 cwts. Appor- 
tioning the load, we get 6 cwts. on the ridge and 3 cwts. 
on each wall. 

Since the line of action of B C is nearer the one wall 
than the other, they will not support equal shares, so 
we must fall back on one of the methods of detennining 
the reactions. 

The usual way is by means of the funicular polygon. 
Draw the line of loads. Since it is the proportion of 
B G which each wall supports that has to be determined, 
join b and c to a pole. Draw the funicular polygon and 
o e parallel to the closing link, d e and e a now represent 
the total reactions of D E and E A respectively, (c e and 
e b could have been found by means of similar triangles 
(§ 51), or, if x and y be known, they could have been 
ascertained by taking the moments about either sup- 
port (§ 50).) 
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Having ascertained the position of e, the stress diagram 
can be drawn as in the previous exercise. 

2ii. Taking Fig. 118, and adding a vertical member 
(a king-rod) we obtain Fig. 120. 

a 




Fig. 120. 



The stress diagram shows / and g at the same point. 
The distance between them being nil, shows that the 
load produces no stress in F G. 

This is what we should expect, since at the bottom of 
F G there are three bars, two of which are parallel, meet- 
ing at a point (§ 110). 

212. If we camber the tie-rod, we obtain Fig. 121. 




Fig. 121. 
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Resolve c b, the resultant of 1C A unci A B, in directions 
parallel to B F and F E, thus obtaining b } and j e. b j 
represents the force exerted by B F at the foot, therefore 
/ b represents the force it exerts at the ridge. At this 
latter point there are four forces, but F B and B are 
known, and are represented by f b and b c, therefore by 
drawing lines from c and / parallel to C G and G F, eg 
and g f are obtained, and these give the stresses in 
those members. By combining the force g c with c e, 
the resultant of C D and D E, and resolving parallel to 
E G, e g is obtained, and this gives the tension in E G. 

It will be seen that by cambering the tie-rod, a tensile 
stress is produced in the king-rod. 

213. Fig. 122 shows another kind of roof truss. It is 
formed by the addition of two members to Fig. 120. 




Resolve g b as before, and so obtain b h and h g. Combine 
h b with the load b c, and resolve parallel to C I and I H, 
thus obtaining c i and i h. By combining i c and c d, and 
resolving parallel to D J and J I, d j and j i are deter- 
mined, and by combining j d with (/ e and drawing Ones 
parallel to E K and KJ.ek and k j are obtained. Since 
/.-and h are at the same point, g k is equal to A ij. therefore 
the stresses in all the members are found. 
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The lines h i and k j coincide with a portion of the 
lines h e and k b respectively, but this should present 
no difficulty, if it be remembered that each is a side 
of a polygon of forces. 

214. By cambering the tie-rod of the last figure we 
obtain Fig. 123. 




Fto. 123. 



h and k do not now come together, neither do h i and 
k j coincide with h e and k b as in the last exercise. 
215. In Fig. 124 we have a different arrangement. 




Fig. 124. 



By means of the reactions, B H and H G can be deter- 
mined. The stress in H B and the load CD can be 
utilized to obtain the stresses in G I and I H. If we 
proceed to the ridge, we find that of the five forces acting 
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there, we only know / G and C D, so we cannot proceed 
at that point. If we go to the joint at the bottom of 
H I, by means of the stresses of H and H I, we can 
find those oi I J and J G. Now we know three of the 
five forces acting at the ridge, so that we can determine 
the others. This problem presents no further difficulty. 

216. Figs. 125, 126, and 127 show trusses which are 
loaded at a greater number of points. 

The construction of the stress diagrams for these 
should present no difficulty, if it be remembered that the 
line representing the stress in one bar may lie partly or 
wholly on the line representing the stress in another bar. 

The bars J K and R S (Fig. 127) may at first prove a 
little disconcerting, but an examination of them will 
show that at the bottom joint of each there are three 
bars, two of which are parallel, therefore the stress in 
JK and RS due to the loading is nil (§ 110). They 
are introduced to prevent the tie-rod sagging. 

217. Fig. 128 shows a braced cantilever with a con- 
centrated load at its outer end. 




Fig. 128. 



The stresses in B C and C A are obtained by resolving 
A B along those directions and so obtaining the triangle 
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ab c. ca represents the force exerted by AC at its 
lower end, therefore ac is that which it exerts at the 
upper end. By resolving this parallel to C D and D A, 
we get c d and d a, which give the stresses in those mem- 
bers. By combining the stresses of D C' and C B and 
resolving parallel to B E and E D, a polygon whose sides 
are dc,cb,be, and e d, is obtained, b e and e d give the 
stresses in B E and E D respectively. Similarly by com- 
bining the stresses of A D and D E, those of E F and 
F A are obtained. 

The reactions of the wall are determined as shown in 
§201. 

218. Fig. 129 shows a braced cantilever with a dis- 
tributed load. 




Fig. 129. 



The first thing we have to consider is how to divide 
the load. It will be seen that it is supported by two 
bars of equal length. Each supports one half of the 
total load, therefore one quarter of the total load is 
supported at each end of the two bars. 

Thus A B equals one quarter of the load, B C equals 
one half of the load, and C D equals one quarter of the 
load. 
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By means of the load G D the stresses of D E and E C 
are obtained. The stress of E D is utilized to find those 
of D F and F E. By combining the load B G with the 
stresses of G E and E F, the stresses of F and B are 
determined. 

219. Fig. 130 shows another form of braced cantilever 
with a distributed load. 

In allocating the load to its various points of support, 
we find that the bar B G is one half the length of the 
bar G E, and consequently receives only one third of 
the load. Half of this third, or one sixth of the total 
load, is supported at each end of the bar B G. Half 





Fig. 130. 

of the remainder, or one third of the total load, is sup- 
ported at each end of G E. The total load, then, is so 
divided that A B equals one sixth of the load, B G equals 
i + § or J of the load, and G D equals £ of the load. 

The stress diagram is drawn in exactly the same 
manner as that of the last exercise. 

220. When dealing with the roof trusses, we obtained 
the magnitude of the stress in each bar by measuring 
with the force scale its corresponding line on the stress 
diagram. 



I 
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Looking sit, I In' stress diagrams of Figs. 128 and 129, 
we see tliat the former is made up of equilateral triangles 
and half such triangles, and that the latter is made up of 
right-angled isosceles triangles. As the sides of these 
triangles always hear a certain relationship hi each other, 
if we know the length of one side »c can easily obtain that 
of the others. 

We will first examine the stress diagram of Fig. 128. 
If we know the lengths of the sides of the triangle a b c, 
wo know the lengths of all the other lines in the diagram. 
The relationship between the sides of this triangle is aa 
follows : — 

bc=-511 xabor^ac, 
oo=-866xac, 
and a c= 1-155 xa 6 or 2b c. 
Proceeding to the stress diagram of Fig. 12!). arid taking 
the triangle c d e, we have — 

cd=ce=-707xde, 
and d e=l-414 x c d. 
To show how this knowledge is applied, a load of 3 
tons is taken in Pig. 128. a b now represents 3 tons, 
therefore ac=1155 x«6=3-46 tons, and 6c=l-73 
tons. 

a d, c d, d e and e / are each =a c=3-4fl tons. 
a/=2«c=6-93tons. 

6e=&cxcc=(P73 + 3-46) tons =5- 1-9 tons. 
In this manner the stress in the bars of the foregoing 
cantilevers and the following girder's can be obtained 
with mathematical accuracy without making use of the 
force scale. The magnitude and kind of stress in each 
bar should be indicated on the frame diagram as shown 
in Fig. 128. 

221. The remaining figures show a few short Warren 
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and N girders under different kinds of loads, with their 
respective"stress diagrams. 

The difficulty which will be found in drawing the 
stress diagrams for these is caused by some of the 
bars not being called upon to resist the action of the 
load, i.e. the stress in them due to the load = 0. 

Having ascertained these and determined the ex- 
terior forces, the drawing of the stress diagrams be- 
comes comparatively easy. 

Fig. 131. The load A B being midway between the 
supports, the two reactions B C and C A are equal. 

d 
a 




Fig. 131. 



At each end of the top flange there are only two 
bars, and these are at right angles to each other. It 
is evident two forces acting at right angles to each 
other cannot maintain equilibrium, therefore, since 
these corners are in equilibrium, we know that these 
bars exert no force. 

To indicate that the stress in A D = 0, d must be 
placed at the same point as a on the stress diagram. 
Similarly, j must be placed at the same point as b. £§ 

The stress diagram can now be drawn in the ordinary 
way. 
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222. Fig. 132 is the same girder as the last, with a 
distributed load on the top flange. 
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Fig. 132. 



The chief difficulty in this is in apportioning the load 
to the several points of support. 

The bars B H and E N being half as long at the bars 
C J and D L, only receive half as much of the load, so 
£ of the load comes on each of the two former, and J on 
each of the two latter. Half of each of these loads is 
supported at each end of the bars, therefore A B = ^g-, 
BC = Jj + i or J, CD = i + £or J, DE = $ +' T V 
or I, and E F = -j^. 

At either end of the top flange there are apparently 
three forces, two of which are parallel, hence we know 
that the stresses in A H and N F are equal to A B and 
EF respectively, and that the stresses in BH and 
EN = (§ 110). 

To indicate this on the stress diagram, place h at the 
same point as b, and n at the same point as e. 

Of course, the bars BH and EN are necessary to 
support the distributed load. They are subject to a 
cross strain which an ordinary stress diagram is unable 
to take account of. 



150 ELEMENTARY PRINCIPLES OF GRAPHIC STATICS 

223. Pig. 133 shows a distributed load on the bottom 
flange of a girder. 
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Fig. 133. 



Here the load is distributed over three beams of 
equal length. Each receives J the load, and transmits 
£ of the total load to each end. The two middle 
joints, therefore, receive twice as much as the outer 
ones. 

Another difficulty presents itself — the two outer 
loads are in line with the reactions. How can these 
be indicated on the frame diagram ? The plan usually 
adopted is to open out the line as shown, and place a 
letter in the space. The two outer lines must repre- 
sent the reactions. 

The point / coincides with the point c. At the ends 
of the top flange there is a repetition of what was 
found in Fig. 131, therefore g and m must be placed at 
the point /. 

It will be seen that the letters t, j, and k are at the 
same point. This indicates that the stress in both / J 
and J K = 0. 
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224. Fig. 134 : The load is shown in the middle of 
a bar. To draw the stress diagram this load most be 
divided between the two joints at the end of the bar. 




At each end of the bottom flange we have the re- 
action and two bars, but in each case two of these are 
parallel. We therefore know that the stresses in DO 
and G J = 0, and those of A D and J B = the re- 
actions (§ 110). 

This is shown on the stress diagram by placing d 
and ; at the point 0. 

The load does not affect F O and O H. 

225. Fig. 135 illustrates an N girder with a distributed 
load on the top flange. 

a 
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An* examination of the bars U G and will show 
that the stress in each of them = 0. 

By placing h and o at the point g, we have h a and / o 
equal to the reactions, and these represent the stresses 
of H A and F 0. 

226. In Fig. 136 we have, as in Figs. 131 and 133, 
at each top corner, two theoretically useless bars. To 




Fig. 136. 



indicate their values on the stress diagram d must be 
placed at the point a, and k at the point b. 

GH is another bar which exerts no force, as can 
easily be seen by examining the bottom joint. Its 
work is to prevent sagging in G C and H C. 

227. In Fig. 137 the reactions are not equal. They 
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have been determined by means of the funicular poly- 
gon, and, of course, if the polar distance be known, 
the bending moment at any point can he obtained. 

The stress in the bars G A , S E and L M = 0. 

The two former make the girder more rigid, and 
L M strengthens the top flange by resisting any bending 
tliat is likely to occur in F L and F M through being in 
compression. 

228. In Fig. 138 wo have a lattice girder supporting 
a number of loads. In this a new difficulty presents 
itself, because at no point are there less than three 
unknown force?. In order to overcome this difficulty, 
we may consider the girder as being made up of the two 
girders shown in Fig. 138. The loads retain the same 
positions as ori the original girder. 
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(a) T r (b) 



T T T 

Fie. 138. Fig. 138. 

On examining Fig 13!t (a) it will readily be seen that 
the compression of each of the vertical bars is equal to 
the reaction of the wall that supports it. These re- 
actions are due to the three loads I, 3 and 5, and can 
easily be determined whatever the loads may be. 
Turning to Fig. 139 (6) we see that the two loads 2 
and 4 do not in any way affect the vertical bars referred 
to. Therefore, to ascertain the stresses of the two 
verticals or pillars, it is only necessary to find the 
reactions clue to the loads 1, 3 and 5. 
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Having found the force exerted by each pillar, we 
have only two unknown forces at the points of support 
of the girder, and can proceed with the solution. 

229. Fig. 140 shows the stress diagram for a lattice 
girder supporting a uniformly distributed load. 

From the preceding paragraph it will be seen that, 
since the load is uniformly distributed, the stresses of 
B H and T O are equal to one another, each being 
equal to one quarter of the load. These are shown by 
b h and t g on the stress diagram. 

230. By adding vertical bars to Fig. 140 we obtain 
Fig. 141. This is termed a lattice girder with verticals. 
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Fig. 140. 




We may imagine this girder as being a combination 
of the two single girders (a) and (b) (Fig. 142). 

The load on the original girder has now to be divided 
between (a) and (b) (Fig. 142). There is on each of 
these a point of support corresponding to every point 
of support on the combined girder, therefore half of 
each load on the original girder must be placed on the 
corresponding points of the single girders. 

This is plainly shown in Figs. 141 and 142. 
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Having divided tin' combined irinlor into two single 
i lies and apportioned the loads as described, the stresses 
iii the bars of the former may be obtained by finding 
those in the bars of the single ones and combining 
1 n-rn . 
In considering Fig. 141 as being made up of (a) and 

■ i) Fig. 142, it should be noted that the two booms 

: d all the verticals are duplicated. Where members 
2 duplicated, the stresses must be added or sub- 

■ ict ed according as they are alike or unlike. When 
ded, the sum will represent a stress of the same kind 

a:= those added, and when subtracted, the difference 

i so 36 jo to 2i '0 ni is 6 u w ai >S ■ 

I j i i i i i i i 1 1 i i t < 
I fl (a) II (b) I 



I 



will represent a stress of the same kind as that of the 
greater. 

In order to more clearly explain the method of pro- 
cedure, the stress diagrams of (a) and (b) (Fig. 142) are 
drawn, and the values indicated on the girders (Figs. 
143 and 144). 

These results must now be combined and figured on 
the original girder, as already explained (see Fig. 145). 
Thus, the stress of the vertical B H (Fig. 143) is + 2-5 
and that of B I (Fig. 144), which coincides with it 
when superposed, is + 22-5. Being stresses of the si 
kind, they must be added. The sum is + 25, which 
gives the total stress of B/ (Fig. 145). Taking tht 
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vertical / J (Fig. 143), the stress is — 10, while that of 
the corresponding vertical H K (Fig. 143) is + 20. 
These, being unlike, must be subtracted and the differ- 
ence given the sign of the greater. Therefore, the 
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Fig. 144. 

stress of K L (Fig. 145) is + 10. 
coincides with KA (Fig. 144). 



Again, K A (Fig. 143) 
The stresses of these 
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Fig. 145. 
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are — 30 and — 20 respectively, therefore the stress 
of A N (Fig. 145) is — 50. Proceeding in this manner, 
the stresses of all the members can be obtained. None 
of the diagonals are duplicated, therefore the stresses 
of these remain as found in Figs. 143 and 144. 

231. Fig. 146 shows the same girder as that given in 

b 
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i this case all the stresses are 
ine diagram. The loads are- 



the last paragraph, but ii 
obtained by means of < 
equal to those of the last 

The first difficulty met with is that at the points of 
support there are four forces, only one of which is 
known. In order to find the stresses of B I and W G 
we must suppose the girder and loads divided as shown 
in Fig. 144, and find the reactions of the supports. 
The stresses in B / and W 6 due to this half of the load, 
are respectively equal to these reactions, but to find 
the total compression in them, wo must add to each 
the other half of the load which comes directly upon it. 
The compressive stress of B I due to the half of the total 
load is 225, and half the load which conies directly 
upon it is 2-5, therefore the total stress in BI is + 25. 
Similarly, W G equals + 325. 

The verticals K L, OP, and S T will next prove 
troublesome, but the rule is to assume that the stress 
in each of these is equal to one half of the load bearing 
directly upon it, which agrees with the results obtained 
in the last exercise. 

The exercise presents no lurthor difficulty. 

If the student remembers how to find the stresses 
of the outside verticals, and the rule relating to the 
inner ones, he should bo able to find the stresses in a 
lattice girder with verticals under any system of 
loading. 

232. In actual practice the framed structures usually 
consist of a much greater number of parts, so that the 
alphabet is insufficient to name them all. The prin- 
ciple of Bow's Notation is retained, but numerals are 
used instead of letters. They have not the advantage 
of capitals and small tetters respectively for the frame 
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and force diagrams, but there is no difficulty in using 
them when once the principle is fully understood. 

233. In conclusion, it must not be supposed that 
complex structures can now be readily analyzed. 
There are some which may take years of study to eluci- 
date, and others in which the result depends upon the 
nature of the workmanship, which cannot be foreseen. 
Students who have carefully worked through the 
preceding pages should be able to prepare stress dia- 
grams for all ordinary cases, and, if they are ambitious, 
may try their hands at a collar-beam truss where the 
walls are not rigid, a hammer-beam truss, an arched 
roof truss, etc. 

Examples to Chapter VII 

1. Pig. 1 shows a couple close roof with a rise one 
quarter the span, carrying a distributed load of 16 cwts. 




Ex. Ch. VII.— Fig. 1. 
What are the stresses produced :n each member ">. 
2. The roof truss given in Fig. 122 supports a dis- 
tributed load of 5 tons. 
Draw tho„truss and figure the stresses on it. 

■ Fig. : 



roof truss carrying a 
load of 4 tons. Pitch 



Give the stresses of A 
all the members. 



C <^J 



Ex.Ch.VII.— Fig. 2. 
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4. Taking the load on the Queen-post truss shown 
in Fig. 126 as 5 tons, determine the various stresses. 

5. Find the amount and kind of stress produced in 
each member shown in Fig. 128, with a load of 2-5 tons 
at its extremity. 

6. Find the stresses in eacli member, and the re- 
actions of the wall, due to the load given in Fig. 3. 




Ex. Ch. VII.— Fig. 3. 



7. Fig. 4 is an elevation of a trussed girder with a 
concentrated load. 




Ex. Ch. VII.— Fig. 4. 



\ 



Draw to twice the scale, showing the members in 
compression by double lines, and those in tension by 
single lines, omitting any bars not affected by the load. 

8. Determine graphically to a scale of §" to a ton 
the reactions at the points of support, and the stresses 
set up in the different members of the loaded girder 
shown in Fig. 5. 
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9. A girder 21 ft. long and 2 ft. deep is trussed as 
shown in Fig. 6. 



Ex. Ch. VII.— Fiq. 0. 



Determine the stresses when it carries a distributed 
load of 1 cwt. per foot. 

10. Draw the stress diagram of Fig. 7 ; mark on the 
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Ex. Ch. VII.— Fig. 7 

truss the amounts of the stresses in cwts., distinguishing 
between compression and tension bars. 
What is the bending moment at x y ? 
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ANSWERS TO EXAMPLES 

Examples to Chapter I (pp. 20, 21) 

1. (a) 9-4 units; (b) 6-26 yards; (c) 3-13 tons; (d) 
5371 lbsr 

2. (a) 50-91 ft. ; (b) 12-99 inches ; (c) 22-79 ft ; (d) 
Tiebeam, 25'0 ; Principal, 14-43 ft. ; King-post, 7-21 ft. ; 
Struts, 7-21 ft. 

3. 1-11 inches. 

4. 405 units. 
5.. 1-809 units. 
6. 4-53 units. 

Examples to Chapter IT (pp. 42, 43) 

1. 273 lbs. 

2. A vertical line 2-3 inches long. 

3. (a) 35-5 lbs. ; (b) 10-5 lbs. 

4. (a) total load = 8-75 cwts. ; (b) 8-75 cwfcs. ; (c) 
vertically upwards. 

5. Horizontal. 

6. See pars. 40-44. 

7. (a) 10 ft. cwts. ; (b) 5 ft. cwts. ; (c) nil. 

8. 5 J tons, at 3-75 ft. from one end. 

9. 10J cwts. 

10. (a) 503 lbs. and 700 lbs. ; (b) 575 lbs. and 775 lbs. 

Examples to Chapter III (pp. 55-57) 

1. See par. 78. 

2. A vertical line 2-25 inches long. 

m 

3. Between the loads and 2-85 ft. from the smaller. 

162 
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4. 1,485 lbs. ; the e.g. is -93 ft. from the vertical face. 

5. See par. 77. 

6. 400 lbs. and 600 lbs. 

7. (1) OX; (2) XB; (3) BF; (4) FA; (5) A 0. 
6. A vertical line 2" long. 

9. 3 cwt. acting vertically downwards. 

10. (a) P = 35 lbs ; (6) 21 lbs. vertically downwards. 

Examples to Chapter IV (pp. 82, 83) 

1. The resultant of A B and A D ; equilibrant. 

2. See par. 31. 

3. 7 lbs. 

4. Tension in longer cord, 10-8 lbs. ; in shorter cord, 
14-4 lbs. 

5. The direction of the reaction of the ground is 
found by joining the foot of the ladder to the point of 
intersection of the vertical through the e.g. of the ladder 
and the direction of the reaction of the wall ; magnitude 
of force = 156 lbs. 

6. Vertical reaction = 100 lbs. ; horizontal = 
173-20 lbs. 

7. Horizontal reaction = 80-7 lbs. ; total reaction of 
top hinge = 262-7 lbs. 

8. (a) - 34-64 lbs. and + 69-28 lbs. ; (6) both 
34-64 lbs. 

9. 1-28 ft. from inner face of wall. 

10. A B = 1-25 ; BC = -75, both acting towards 
the point. 

Examples to Chapter V (pp. 103-105) 

1. Reaction of A =4-5 tons ; of B = 10-5 tons. 

2. 223 tons and 2*26 tons. 

3. 47-2 and 52*7. 
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4. 1 ft. from the end. 

5. 6*13 ft. from that end n9ar which the force of 
4 cwts. acts. 

6. 225 lbs. 

8. A = 3-625 tons ; B = 1-375 tons. 

9. A = 3-92 tons ; B = 4-58 tons. 
10. 14-25 tons and 11-75 tons. 

Examples to Ch\pter VI (pp. 125, 128). 

1. See par. 42. 

2. By multiplying the lineal scale by the polar dis- 
tance ; 1"= 40 ft.-cwts. or J*= 10 ft.-cwts. 

3. 9 ft.-cwts. ; 7-5 ft.-cwts. 

5. 20 ft.-cwts. 

6. See par. 183. 

7. S.F. = 15 cwts. 

8. B.M. = 18 ft.-tons ; S.F. = 1-8 tons. 

9. B.M. = 23 ft.-cwts. ; S.F. = 8 cwts. 
10. 2-9 cwts. 

Examples to Chapter VII (pp. 159-161) f 

1. B F and C F = 8-96 cwts. ; EF = 801 cwts. 

2. B H and E K = 75 cwts. ; C Inn&DJ = 50cwts.; 
J J, H I and J K = 25 cwts. ; G H and G K = 64-95 
cwts. 

3. BR and E K = 90-44 cwts. ; C I and D J = 
60 cwts. ; J J = 40 cwts. ; H I and K J = 26-39 cwts. ; 
G H and G K = 79-79 cwts. 

4. BInn&F M = 80 cwts. ; C J and E L = 60 cwts. ; 
K H and K D = 51-96 cwts. ; J I and M L = 20 cwts. ; 
J K and K L = 10 cwts. ; H I and # M = 69-28 cwts. 

5. B C = + 1-44 ; AC, AD, DE = - 2-88 ; D G 
and E F = + 2-88 ; AF = - 576 ; B E = + 432 
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tons. The horizontal reaction = 5-76 tons ; vertical 
reaction = 2-5 tons. 

6. BE, BD, DG =+462 tons; #Z>=-4-62 
tons ; A E = — 2-31 tons ; A C = — 6-93 tons. The 
horizontal reactions = 6-93 tons ; vertical reaction = 
4 tons. 

8. AJ trnd IL = 0; AM = + 3625; BM = + 
209 ; D M = + 3-97 ; F M = + 238 ; H M = + 79 ; 
I M = + 1375; (?# = -303; ^£ = -318; GZ,, 
DJ£, FGa,ndHI = - 159; E F and G H = + 1-59; 
i5=- 418 ; J3 <7 = + 1-87 ; CD= - 1-87 tons. 

9. O 7, D #, EG= + 245 ; ^ / and ^ G = - 
254 ; AH = - 245 ; I H and H G = +70 cwts. 

10. ^1 J,# 7 = 0;5L= - 1045;Ctf = - 1760; 
DP=- 214-5; ES= + 197-3; J 7 £7 = -148-6; (? JT 
= - 82 7 ; 7 J = + 104-375 ; / JT = + 1045 ; J M 
= + 176 ; I O = + 214-5 ; 7 # = + 2210 ; I R= + 
2210 ; 7 T = + 197-3 ; I V = + 148-6 ; 7 X = + 
82-7; 7 7= +82-625; J #=-148-0; LJf=- 
1010 ; NO= - 550 ;P#=-9-5;7Ztf=- 33-75 ; 
T£7= -687; F JF = -930;X7 = - M0;KL 
= + 71-4 ; M N = + 38-4 ;OP=+6-4;QJR = 0; 
£2 7 =+24-0;*7F= + 490 ; W X = + 65-63 cwts. 
B.M. at X 7 = 779-75 ft.-cwts. 
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Standard Books on 

Building, Architecture, 
Sanitation 8f Decoration, 



B. T. BATSFORD, 94, High Holborn 
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ltefercnrc Book for Architect*, Sin-c-^r* „m! liialtlc, 

HOW TO ESTIMATE: or the Analysis of Builders' 

Prices. A complete Unide to the Practice of Estimating, 

and a Reference Book of Building Prices. By John T. Kea, 

F.S.I. , Surveyor, War Department. With typical examples 

in each trade, run! a large amount of useful information for 

the guidance of Estimators, including thousands of prices. 

Large crown Svo, cloth, 7 s. Gd. net. 

This work deals with the principles and practice of estimating 

thoroughly practical and comprehensive manner, and is the outoor 

eighteen years' experience in the personal supervision of large cod tracts. 

It is applicable Cor pricing in any part of the country, and is adaptal 

every class of building and circumstance. 

Each chapter deals with a trade, and is divided into three main divisio: 
(1) Memoranda. (2) l'ricea, and (;{) Analysis of Malt-rials and Labour. 
" Here at lapt in a book that can bo confidently recommended an m 
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...[.imuiliin] n-. L uiii-.l in tii.- l^.ili i-.il pa-.Ktiie i.l' .-stiiniiting, it will b 
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BUILDING SPECIFICATIONS, for the use of Archi. 
tects, Surveyors, Builders, &C. Comprising the Cot 
plete Specification of a Large House, consisting of 71 
numbered clauses ; also numerous clauses relating to sped; 
Classes of Buildings, as Warehouses, Shop- Fronts, Public 
Baths, Schools, Churches, Public Houses, Ac,, &c, and 
Practical Notes on all Trades and Sections. By John Leaning, 
F.S.I. , Author of "Quantity Surveying," &c. 650 pages, 
with 150 Illustrations. Large 8vo, cloth, 18s. Net. 

U" In- tr t-"l [lLi'cimsti-ur.-ti'nj "i" ni- rn. -.1 .-1 in :■ rli.u ..uglily pniitieal und workman- 

auner. furnishing ■» ':i-r unl .'I inhiniiiLtinri,"— Th- Fiii/1'li/ig -V.h.v. 

IJannot but prove tn be of the greutrat a-isistrtliue to the speeificatinn writer, wlielh'" 
AiehiTeet or quantity Mirveyor, aiel we eonpra tn late the anther on the admirable id~~~' 

IS 'Vliiril IipIiils (ic»[t wltli '1., -,,l.-.,r- /:.,. i, .■' .)...- . 



Sixth Kijitio.s ((Oth Thoi:hani)), Revisbd anii greatly Enlarued 
BUILDING CONSTRUCTION AND DRAWING 

A Text-Book on the Principles and Practice ok Con- 
struction. Specially adapted for Students in Science and 
Technical Schools. By Charles F. Mitchell, Lecturer on 
Building Construction at the Polytechnic Institute, London. 
First Stage, or Elementary Course. 400 pp. of Test, 
with nearly 1,000 Illustrations, fullv dimensioned. Crow 
8vo, cloth, 3«. 
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(.'urisli-Uft.il. ii. 1 will! tin. iiiWitiurml nno 

thoroughly pnnliL-nJ. "—yti. J. T. Ihv 

"A mod"] .■! i.1..:,iiji-^ Mill] i-i.n 

and ought to be id the liiinda of every 

FouiiTii Eiiition (18th Thousand.) Revised anii greatly Enlaro; 
SotcMlu nrtoarcd for the 1903—11*04 Session. 

BUILDING CONSTRUCTION. Advanced and 
Honours Courses. By Charles F. Mitchell. For thi 
use of Students preparing for the Kxam illations of the Science 
and Art Department, the I'.oyal Institute of British Architects, 
the Surveyors 7 Institution, the City Guilds, ifeu. TOO pp. of 
Text, with 660 Illustrations, fully dimensioned, many being 
full-page or double plates, with constructional details. Crown 
8vo, doth, 5s. 6i/. 
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BRICKWORK AND MASONRY. A Practical Text-book 
for Students, Workmen, Apprentices, and Architects. By 
Charles F. Mitchell and Gedboe A. Mitchell. Being 
thoroughly revised and remodelled edition of the ehajiters 
these subjects from the Authors' "Elementary" and"^ 
vauced Building Construction," with special additional 
chapters and new illustrations. 300 pp., with about 600 
illustrations. Crown 8vo. cloth. [Shortly. 

FORTY PLATES ON BUILDING CONSTRUCTION. 

— Including Brickwork, Masonry, Carpentry, Joinery, Plumb- 
ing, Constructional Ironwork, Jsc, &C. By C. F. MiTC" - 
Revised by Technical Teachers at the Polytechnic * 
The size of each Plate is 20 in. by 12 in. Pric" 
5s. tW. Or bound in cloth, 10a. «. 



MODERN PRACTICAL JOINERY. A Guide to the 

Preparation of all kinds of House Joinery, Bank, Office, 
Churcli, Museum and Shop-fittings, Air-tight Cases, and 
Shaped Work, with a full description of H md-tools and their 
uses, Workshop Practice, Fittings and Appliances, iilsu 
Directions for Fixing, the Setting-out of Rods, Reading of 
Plans, and Preparation of Working Drawings, Notes on 
Timber, and a Glossary of Terms, Ac. By Geohoe Ellis, 
Instructor in Joinery at the Trades Training Schools of the 
Worshipful Company of Carpenters. Containing 380 pages, 
with 1,000 Practical illustrations. Large8vo, cloth, 12s.6rf. net. 

■ l:i ■■ - ■ ■■ ■ .:■■,',: Mi.- iiBitiiro limts uf i.]ir llrst-liaiul pnuitiisil exi>o.rii;ijcc n! an 
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ali-ntand iii'.lustry, and i.h likuli'tu retiMin mi 1'inlnriii^ i-i-m-ut 1" lii-ilishcmrtmuiii. 



STAIR-BUILDING AND HANDRAILING. A Practical 
Treatise containing numerous Examples illustrating the Con- 
struction of the various Classes of Wood ami -Stone Stairs, 
with a complete course of lliuidrailing, showing methods of 
getting i nit and preparing Wreathed Handrails, ic. By 
William Mowat, M. A , and Alexander Mdwat, M.A., Science 
Masters, School of Science and Art, Barrow-in-Furness. Cou- 
taiuiug H 90 puges of Text, with over 440 practical Diagrams 
and full-page Plates. Large Imperial 8vo, cloth. 12s. 6tl. not 

THE CONDUCT OF BUILDING WORK AND 

the Duties of a Clerk of Works. A Hanoi* Guide 
to the Superintendence op Building Operations. By 
J. Leaning, Author of "Quantity Surveying," "Specifica- 
tions," ifcc. Containing 140 pp. of Text, with large i'oldin 
Plate. Small crown 8vo, cloth, 2s. 6d. 

points irisillu 'dl'lnng Uie%raW™ of ■ bnild'Tlg'''— 7'A* iiriltai J reft i! 

FACTS ON FIRE PREVENTION. An enquiry iuto the 
Fire-Resisting Qualities of the chief Materials and Systems o~ 
Construction, conducted by the British Fire Prevention Com- 
mittee. Edited by Edwin O. Sachs, Author of "Modern 
Theatres." Containing Accounts of Tests of Floors, Ceilings 
Partitions, Doors, Curtains, &c, with 100 Full-nao 
voJs. Large Svo, cloth, "Ids. net. 



Arranged in Tubulated Form anil fullij iiitlfmt for rendy refer* 

QUANTITIES. A Text-Book explanatory of the best methods 

adopted in the measurement of builders' work. Seventh 

Edition, revised and enlarged by H. Phillips Fletcher, 

F.R.I.B.A., F.S.I. With special chapters ou Cubing, Priced 

Schedules, Grouping, the Law, &c, and a typical example 

of the complete Taking-off, Abstracting, and Billing i 

Trades. Containing 460 pages ; with 82 illustrations. 

Crown 8vo, cloth, 7*. 6d. 

Tub most Complete, Concise, and Handy Work on the Subject. 

" It Lb no doiibt tlic beul work on the subject extant."— The Birttdtr. 

" A K"i«l L]v:.[ ; -' l.j a '■ I 1- - it n -t. . f Lis stil.jf.rt. . . . 1 inli.|i,'!is;il.l... t 
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DILAPIDATIONS. Fifth Edition, revised aud enlarged 
with all the most recent Legal ('uses and Acts, the legal por 
tion revised by E. Uttkrmare Bhllen, Esq., Barrister- at- Law 
Crown Svo, cloth, 6s. U. 

- An eigellent cumiHiuiliiLin on tlie Law ami rrnclli 

LIGHT AND AIR. With Methods of Estimating Injuries, tfec 
Fourth Edition, revised and enlarged by Banister ™ 
Fletcher, A.R.I.B.A., and H. Phillips Fletcher, F.S.I 
With full Reports and Digests of Ruling Cases, and 27 
Coloured Diagrams, &c. Crown Svo, cloth, 6s. f 

"By far the most f |in-l..-.ii,.l [.rmrri.ai] L.'Sl lwli we ka>a seeu. In i 

VALUATIONS AND COMPENSATIONS. A Test-Book 
on the Practice of Valuing Property, and the Law of Com 
pensations in relation thereto. Second Edition, rewritten 
and enlarged by Banister F. Fletcher, A.R.I.B.A., i 
H. Phillips Fletcher, F.S.I. , with Appendices of Forms, 
Jsc., ami many new Valuation Tables. Crown Svo, 6s. 6rf, 

" Veiy iisi:I'tiI :...^1m.1i hi- t ■ i -■ ■ j .. i : - 1 r i -_■.- I. r 111. ■■■?,. .ii, iiii.Iii. [i ..!' lit,. Survcyo!-*' Institution. 1 

ARBITRATIONS. Second Edition, revised in accordance 
with the Arbitration Act of 1889 and giving such Act ii 
full, with an Appendix, giving all the necesBiiry Forms 
Crown Svo, cloth, 5«. Sd. 



THE LONDON BUILDING ACTS, 1894-98. A Test- 
Book on the Law relating to Building in the Metropolis. 
Containing the Acts, printed in extento, with a full Abstract 
giving all the Sections of the 1894 Act which relate to 
building, set out in Tabular Form for easy reference, together 
with the unrepealed Sections of all other Acts affecting 
building and the latest Bye-Laws and Regulations. Third 
Edition, thoroughly revised by Banister F. Fletcher, 
A.It.i.B.A., F.S.I., and H. Phillips Fletcher, F.S.I., 
Barrister- at- Law, with abstracts of the latest decisions and 
cases. With 23 Coloured Plates, showing the thickness of 
walls, plans of chimneys, ifec. Crown 8vo, cloth, 6s. 6rf. 
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CONDITIONS OF CONTRACT. A Work dealing 

Conditions of Contracts and with Agreements as applied to 
Building Works, and with the Law generally in its relation 
to various matters coming within the scope of the Archi- 
tectural Profession. By Frank W. Macev, Architect, Author 
of "Specifications in Detail." Revised, as to the strictly legal 
matter, by B. J. Leveiisun, Barristcr-at-Law. Royal 8vo, 
cloth, 15s, net. 

ESTIMATING: A Method or Pricing Builders' Quantities 
for Competitive Wohk. By George Stephenson. Showing 
how to price, iinthout ihe use of a Price Jiooi, the Estimates 
of the work to be done in the various TradeB throughout 
a large Vilia Residence. Fifth Edition, the Prices carefully 
revised. Crown 8vo, cloth, 4s. Qd. net. 

" TIie Ulttior. evidently a man wlm lias had upninet, enables everyone to enter, as 



REPAIRS: How to Meabure and Value them. A Hand- 
book for the use of Builders, Decorators, ifcc. By the 
Author of " Estimating." Third Edition, the prices carefully 
revised. Crown Svo, cloth, 3s. 6rf. 

"*Hetwfrs T is a very serviceable hat, dl >..,>!< on tin- sui.;. ■.■■,. a jrn.-nl "pi\-ilii^,tiiiii t.n 

I'.'i.ni]-.- ]- yinii riy r.hv ..ntiin-. ind :hi-n *,-■ j,i d.-, n [],.- T..|. Ilu.ir dmviiuiii.j.,, :., 

ahow how io value tlif itvitis. by u ui-.TIi-h! id' framing tlie.j.HtiriLnto in themeasr- 1 -- L 



1 



STRESSES AND THRUSTS. A Text Book for AwAitoo- 

tural Students. By (J. A. T. Middleton, A.R.I. B.A. Second 
Mition, revised, containing new chapters on the Method of 
Designing a Steel Lattice Girder and of a Steel Segmental 
Roof. With 150 Illustrative Diagrams and Folding Plates. 
Svo, cloth, 5s. 

DANGEROUS STRUCTURES. 

tical Men. By Ueo. H. Blaqrovb. Cro 

TREATISE ON SHORING AND UNDERPINNING 
and generally dealing with Dangerous Structures. 
ByC. H. Stock, Architect and Surveyor. Third Edition, 
thoroughly revised hy F. K. Farrow, F.R.I.B.A.. fully 
illustrated. Large Svo, cloth, 4s. Gd. 



CONCRETE: ITS USE IN BUILDING. By Thomas 
Potter. Second Edition, greatly enlarged. 500 pp. of Test, 
and 100 Illustrations. 2 vols., crown Svo, cloth, 7s. id. 



This work denlii witli walls, ]iavin^, tool's, limns, ami nthcr details 
CoiH-ri-it Consi.rurtiii]], ami fully A escribes the iiitwtt methods for ~ 
tiering buildings tire-proof. 
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DRY ROT IN TIMBER. By W. H. Bidlake, A.R.I. 
With numerous Diagrams. Svo, cloth, 1*. 6rf. 

PLASTER I NG-PLAIN AND DECORATIVE. A 

Practical Treatise on the Art and Craft of Plastering and 
Modelling. Including full descriptions of the various Tools, 
Materials, Pi-hccnscs and Appliances employed. By William 
Millar. With over 50 full-page Plates, and 500 smaller 
Illustrations. Thick 4ti>, cloth, 18j. net. 

[Third edition in preparation, 

"Tllianewnml in ninny si?)h.i;s remarkable tn>ati«e .... unqiiast lull .til y culiUuis mil 
Imitirunt anniuiit of viluililc .ji «f -Jin «.l ii.fi.riimtiiiii. . . , ' Miliar on t'las Wring* mitjr 

.* truly [iiouuiiniiital in-i-i;. 1 — fJic Builder, 

THE PLUMBER AND SANITARY HOUSES. A Prac- 
tical Treatise on the Principles of Internal Plumbing Work. 
By S. Stevens Hellyer. Sixth Edition, revised and enlarged. 
Containing 30 lithographic Plates and 262 woodcut Illustra- 
tions. Thick royal Svo, cloth, 12s. 6rf. 

;. Li-n ii; jill lliat i-.;in.-i in lM;iiF,.-.j,. n \" i.- 1 . 1 i L ■ i - ,iii. I Wiif.-i- i-i,|.i.i v i, r i hill and Apjier- 

Mining In tin; \umst:"—Jrjitriwl iif llir Ii.m/1 /irsfiii'fr. .1/ ffrilis* An&Unts. 
"ThoWt Treatise exisfiii.ii.iii I'ra.fiial Plumbing." -Aiibler. 



THE DRAINAGE OF TOWN AND COUNTRY 
Houses and Other Buildings, A Practical Text-Book 
for the use of Architects, Builders, Sanitary Inspectors, &c. 
By G. A. T. MiDni.ETON, A.E.I.B.A. With full particulars 

of the latest fittings and urrn n^ciu<-iits.. aud u special chapter 
on the Disposal of Sewage on a small scale. Illustrated hy 
87 diagrams aud 6 plates. Largo Bto, cloth, 4». Bd. net. 

[Heady xhm-tty. 

LECTURES TO PLUMBERS. By J. Wbioht Clarke, 
Lecturer ou Plumbing at the Regent Street Polytechnic. 
Containing a large amount of valuable infunintion on the 
practice of Plumbers' work, including Tools, Sol' if ring, Lead 
Burning, Brazing, Setting-on t, Geometry, Traps, Valves, 
Cocks, and other Fittings, Soil Pipes, Rising Mains and 
Service Pipes, Connection and Disconnection of Dmins, 
Flushing, Testing, Ventilation, &c, Ac. Fully illustrated by 
upwards of 500 practical diagrams. 4to, cloth, Us. net. 

LECTURES TO PLUMBERS: Second Series. By 
Wwout Clarke. Being a Continuation of Practical Notes 
Apparatus, Lead Woiking, Baths, Sinks, Basins, Hvdrost 
tics, &c. 132 pp. with ---') Illustrations. Small 4to, clot] 
6s. net. [Ready short/ 

PRACTICAL SCIENCE FOR PLUMBERS AND 

Engineering Students. By J. Wright Clakke. Con- 
taining a series of short chapters on Physics, Metals, 
Hydraulies, Heat, Temperature, Ac, showing their applica- 
tion to the problems of practical work. With about 2i*" 
illustrations. Large Svo, cloth, 5*. net, 

PUMPS: Their Principles and Construction. By, 
Wright Clarke. With 73 Illustrations. Second Editi 
thoroughly revised. 8vo, cloth, 3s. 6d. net. 

HYDRAULIC RAMS: Their Principles and Construc- 
tion. By J. Wright Claiikk. Illustrated by 36 Diagram 
Sve, cloth, 2s. 
Entirety A'w mul Bevjad Etui-ion , mperstdiny ofl yfnfo Ki 

CLARKE'S TABLES AND MEMORANDA FOR 
Plumbers, Architects, Sanitary Engineers, &c. 
By J. Wright Clarke, M.S I. With a new 
Electrical Memoranda aud Formula?. Small pocket size, 
leather, \n. bV. iu-t. ' ft f/reparatie 
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A thoruui/hly oo'lprelifitsi.ve uift nji-tni/iite Treatise. 

SANITARY ENGINEERING. A Practical Treatise on the 
Collection, Removal and Final Disposal of Sewage, and the 
Design ami Construction of Works of Drainage and Sewerage, 
with special chapters on the Disposal of House Refuse and 
Sewage Sludge, and numerous Hydraulic Tables, Formula! 
and Memoranda, including an extensive Series of Tallies of 
Velocity and Discharge of Pipes and Sewers. By Colonel 
E. C. S. Moore, R.E., M.S.I., Author of "Sanitary Engineer- 
ing Notes," Ac. Second Edition, thoroughly revised and 
greatly enlarged. Containing 830 pp. of Text, 140 Tables, 
860 Illustrations, including 92 huge Folding Plates. Large 
thick 8vo, cloth, 32s. net. 
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WATERWORKS DISTRIBUTION. A Practical Guide to 
the Laying Out of Systems of distributing Mains for the 
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A.M.hist.C.E. Fully illustrated by 19 Diagrams and 103 
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GASFITTING. A Practical Handbook relating to the 
Distribution of Gas in Service Pipes, the Use of Coal Gas, 
and the best Means of Economizing Gas from Main to 
Burner. By Walter Graitor, F.C.S., Chemist at the 
Beckton Works of the Gas Light- and Coke Co. With 143 
Illustrations. Large crown 8vo, os. net. 
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Adopted as tbe Test-book by the Surveyors' Institution. 
FARM BUILDINGS : Their Construction and Arrangement. 
By A. Dudley Clarke, F.S.I. Third Edition, revised and much 
enlarged. With new chapters on Cottage*. Homesteads for 
Small Holding*. Iron and Wood liouf*. liepairs and Materials, 
Notes on Sanitary Matters, .fcc. With 52 full-page and other 
Illustration* of plans, elevations, sect-inns, details of construc- 
tion, ifcc. Crowu 8vo, cloth, 6s. net. 
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Owners. By Byng Giraud, Architect. With 50 Plates and 
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THE PRINCIPLES OF ARCHITECTURAL PER- 
SPECTIVE. Prepared for the Use of Students, &c, with 
chapters on Isometric Drawing and the Preparation of 
Finished Perspectives. By G. A. T. Muidi.eton, A.It.l.RA. 
Illustrated with 51 Diagrams and 8 finished Drawings by 
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Third Edition, revised. Thick Svo, cloth gilt, 12s. 6</. 
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Mevek, Author of "A Handbook of Ornament." With an 
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Illustrations. Demy Svo, cloth, 6s. 
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Notes, and Estimates of Cost. Demy 4 to, cloth, 7 s. 6d. uet. 
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A BOOK OF COUNTRY HOUSES. Containing 62 Plates 
reproduced from Photographs and Drawings of Perspective 
Views and Plans of a variety of executed examples, ranging 
in size from a mod crate -si zed Suburban House to a fairly 
large Mansion. By Ernest Newton, Architect. Large 4to, 
cloth, 21*. net. [Just publithrrl. 
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L. Marks, Architect. With Notes on the Requirements of 
Different Classes of Buildings. With 80 Plans (mostly fi " 
page), mainly of important modern Buildings by lea ' 
architects. Large Svo, cloth gilt, Os. net. 
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Craftsman, and Amateur. Being a Comparative Vie* I 
of all the Styles of Architecture from the Earliest Period. I 
By Banister Fletcher, F.R.I. U.A., late Professor of Archi- I 
lecture in Kind's College, London, and Banister 
Fletcheh, A.H.I.B.A. Containing 650 pp., with 25G full I 
page Plates, one half being From photographs of Building, 
the other from specially prepared drawings of wnistruetivt I 
detail and ornament, with over 1,300 Illustrations. Fourth I 
Edition, thoroughly revised, newly illustrated, and greatly 1 
enlarged. Demy tfvo, cloth gilt, 21*. net. 
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The Shepherd discovering the Magnetic Stone on Mount Ids 
■with the Iron of his Crook. 

MAGNETISM. 



The magnetic or black oxide of iron, Fej 0„ sometimes called the had- 
stone or loadstone, is estimated as one of the most valuable ores of iron, 
because it enjoys the property, when freely suspended, of pointing to the 
north; and it does this by virtue of an inherent property which belongs to it, 
Called magnetism. 

The loadstone occurs native, and crystallizes in cubes, and is said to have 
been discovered by a shepherd on Mount Ida, who first noticed that the iron 
of his crook was attracted by it. 

The magnet was not only called magna, but " lapis Heracleus," from 
Heraclea, a city of Magnesia, a part of ancient Lydia, in Greece. It is also 
called lapis nanisms, because of its use in navigation ; and sidcrites because 
the mineral attracts iron, which the Greeks called o-iStpos. 

" The earliest mention in English records of the primitive mariner's com- 
pass is that by Alexander Neckham, who describes the same in his ' Treatise 
on Things pertaining to Ships.' Neckham was bom at St. Albans in 1157. 
A translation of his works, from the Latin, was published in 1866. In the 
reign of Edward III., the magnet was known by the name of the sail-stone 
or adamant, and the compass was called the sailing-needle or dial, though it 
is long after this period before we find the word compass, fc.*&4t«&A.*» 
'Plenty,' sailed from Hull in 1338, and -«t ftwUV, 
sailing-atone. In 13^5, another entry occurs o\ one o\ ■One V\v^va»T j ' 



the ' George,' bringing 







MAGNETISM. 

vec sixteen horologies from Sluys, in Normandy, and 
that money had been paid at the same place for 
twelve stones, called adamants or sail-stones, for 
repairing divers instruments pertaining to a ship." 

Fine large pieces of loadstone arc usually mounted 
in handsome brass or silver boxes, and were highly 

Sized in the reign of King Charles II., when the 
oyal Society of England began to exert itself in 
the acquisition of scientific knowledge. 

When examined with a. magnetic needle, the 
mineral is found to have two points where the mag- 
netic virtue exists in the greatest intensity : these are 
called poles, and are connected with the pieces of 
" ' n which protrude from the case containing 



a I j i j j the loadstone; tlicv take ofi the friction and v 

A mounted Loadstone. anQ rf the mineralj whilBt nlI cutting of 



stone, in order to obtain a hollow space between the 
two poles, as in an ordinary horse-shoe magnet, is avoided. The magnetism 
from the loadstone is easily conferred upon and retained by hardened steel. 



Fig, 2,— Two Bars of Steel, 

it their opposite cxtiemitiei, ind connected by p 



:s of loft iron, oiled 



s only necessary to rub the steel or drag the loadstone round in one 
direction, taking care to put the pole N of the latter on the end of the steel 
bar marked S. An assemblage of steel plates in the form of an 
elongated horse-shoe, when carefully magnetised and fixed to- 
gether, constitutes a kind of magnetic battery having greatly 
increased powers. (Fig, 3.) 

This would be called a compound horse-shoe magazine 
or batterj', composed of an odd number of horse-shoe bars of 
different lengths. The union of unequal bars produces a step- 

11 like arrangement at the poles, the largest bar being in the 
centre, with the pair of bars next largest on each side, and so 
I on progressively. This peculiar arrangement, with all other 
magnetic instruments, may be obtained from Elliott, Charing 
JP M|JJ Cross, and possesses several advantages, especially when used 
^•i ■ tj jl" to confer magnetism on other pieces of steel. 
^itf The magnets (Fig. 4) bearing the name of Scorcsby are 

(5 composed of many magnetized, laminated -steel plates, com- 

FlC. 3- bined together so as to act uniformly as one bar, by which 
means a powerful magnetic arrangement is obtained. A piece 



Fig. 4.—Scores&/s Magnets. 



THE MAGNETIC NEEDLE. 

if Steel, usually called a needle, when carefully balanced and suspended o; 
sharp point with a central hard metal cap, and then magnetized, is cr " 
nagnetic steel needle. 



Fig. 5. 

mely useful for showing the influence of the magnetism of the 
earth as regards the horizontal-directive force, and is absolutely necessary in 
showing a repetition of the facts already explained in the article on " Static 
Electricity" (page 6), viz., that just as similar electricities repel, and opposite 
ones attract, so a north pole of a magnet repels the north pole of the magnetic 
needle, and the south behaves in a like manner with the south pole of the 
needle. Dissimilar magnetisms attract, therefore, the north pole of a bar 
magnet; one of those, shown at Fig. 2, will attract the south pole of the 
needle, and vice versa*. 

At Elliott's may be obtained magnetic needles suspended in a beautiful 
manner, so that the needle moves either in a horizontal or in a vertical plane. 
When the needle moves in the horizontal plane, it is an ordinary mariner's 
compass; but when it is free to move in a perpendicular plane, it— however 
carefully balanced before magnetizing— dips downwards, and points to the 
earth like a finger-post, directing the eyes of the student to the terrestrial 
power of magnetism which causes the " dip." 




Fig. b,~Necdh suspended, and dipping towards the Earth. 

The direction of the horizontal magnetized needle not cnii ~o 
called "diurnal variations," but it has changed duwi^Mra^-^JCT'^^ 
The magnetic needle does not point due noiftv atii wroJOs^'w*. 1 ** * ' 



MAGNETISM. 

direction peculiar to itself, called the magnetic meridian, to distinguish it from 
the true or terrestrial meridian. Magnetic meridian lines are planes passing 
through the centre of the earth in the direction of the magnetic needle. The 
terrestrial meridian is the plane passing through the same plac 
the earth. 

The angle made by these two planes is called the declination ■of the needle 
It is determined by measuring the angle which the direction of the needle 
makes with the meridian line. The declination was eastward at the begin 
ningof the 17th century ; it was zero, or o, in 1660, i.e., the needle pointed due 
north and south. The declination now changed to the westward, and ha< 
increased to 24 s 30' in the year 1818, since which period it has steadily retro- 
graded, and about ten years ago had reached 21 48' in London. 

It would appear from the observations set on foot many years ago by 
General Sabine, that the sun and moon arc magnetic, and do affect the needie 
in its diurnal n 




Fig. ; 






The marine compass only differs from the ordinary one in being suspendt 
in such a manner that the motion of the vessel shall not disturb its horizonta 
position. The marine azimuth compass {Fig. 7) is a more elaborate man 
ne^s compass, having withm the circumference of the inner box sights fo 
determining the angular distances of objects from the magnetic meridian, 
and being hung in detached gimbals. 

The dipping needle or inclination compass is also found to vary as the dip 
increases, as might be expected, the nearer we approach to the north polr * * 
a point in 70 3 5' of north latitude and 96° 46' west longitude on the 
coast of Boothia Felix, a place was discovered by Captain Parry (the north 
magnetic pole) where the dipping needle became vertical, and the horizontal 
compass ceased to move right or left, or traverse. Captain James Ross dis- 
covered [lie other end of the great terrestrial magnetic power, the south 
magnetic pole, to be about latitude 73° south and longitude 130 east. 

The student may realise such movements of the dipping needle by lay 
one of the bar magnets (Fig. 2) in the centre of a sheet of cardboard 
which a circle has been described. 

On moving the dipping needle round the circle, it will be found to take the 
vertical position at the poles a a, whilst it becomes horizontal at the equatorial 
position B b, i.e. midway between the north and south pole. 

The inclination or dip varies like the horizontal declination. At London, it 
was 70 27' in 1720, 69° 2-' in 1833, and 68° 51' in 1S49; at the present time 
is about 68° 30'. 



INDUCED MAGNETISM. 



i The earth being virtually a 
■ southern hemisphere, and vi 
Jic earth by induction. 



, 




t was stated, in the article on Electricity, that the term induction would 
i be used again ; and the student is reminded that this is defined to be 
Lgnetic influence set up by the mere neighbourhood or proximity of a 
body — the earth, or the loadstone, or a magnetized steel bar — having or 
possessing the magnetic virtue or force. 

By placing variously shaped pieces of soft iron near a powerful magnet, 
they are supported or attracted so long as the magnet is kept sufficiently near 
them; but, as the distance is increased, they drop off one by one. 




— Variously shaped pieces of soft Iron for showing Induced 
Magnetism, 

i magnetic power so quickly conferred on soft iron is as rapidly lost 

it is removed from the disturbing cause, reminding one of conductors 

1 of electricity, which cannot maintain polarity ; whereas 5t«A, 'sYadei ass^Ntc^ 
magnetic power more slowly, retains it with a tigtft£f pa^, wsvi, "Ssa -nse. 
| conductors of electricity, glass, wax, &c, canmaK&ivftTKMj^w- ^Jwri^- 



MAGNETISM. 

On the supposition that all terrestrial magnetism has an electrical ot- 
and is produced by currents of electric force which circulate around the g/i 
a very pretty piece of apparatus is constructed, consisting of a distributioi 
wires, covered with silk, over a terrestrial globe in parallel lines of latitudi 




Fig. \a.— Model made by Elliott, 

Showing that electrical currents circulating around a globe produce magnetic currei 

The dipping needle and horizontal needle held in different positior 
surface of the globe, whilst the wires are connected with the voltaic batt 
give the student a very good notion of the natural directive powc 
magnetism that exists over the surface of the earth on which we live, 
illustrates again the " inductive'" power of magnetic force. 

The force which rides the position of the magnetic needle is neither attr 
tive nor repulsive, but simply directive. A magnetic needle floating on a o 
neither advances nor moves backward ; it simply takes a position nearly no 
and south, and places itself in the magnetic meridian. 

The engraving, Fig. 12, is a correct copy of the photographic curves 
the self- registering "Declination Magneto graph," as used at the Magni 
Observatory at Stonyhurst College, near Blackburn. 

This is one of a series of magnetic instruments which are self-register 
night and day; and it is interesting to notice in the photographic curves 
amount of disturbance shown between the 8th and toth of August, 1868. 1 
instruments are under the charge of the Rev. S. G. Perry, who has most kin 
furnished the following drawing and description of the Magnetic Observat 
at Stonyhurst: 

" An idea of the disposition of the instruments may be formed from 
drawing (Fig. 1 1), and a very brief description will make it still more etc; 

" The instruments record the oscillations of three magnets suspended tin 
the glass shades ; and we thus get completely all the changes, both as to dir 
(ion and intensity, in the earth's magnetism. The magnet which is to 
right in the sketch is suspended by a silk thread in the magnetic meridi 
and, by the aid of a mirror attached to it, describes on a cylinder, which is pu' 
motion by the clock on the centre pier, all the variations in the magnetic 
clination. The other two magnets give the two components of the tc 
magnetic force of the earth. That which records the variations of the verti 




-The Magnetic Observatory 



nponent rests, under the shade Dear the doorway, on two agate edges ; 
ilst the horizontal- component magnet is suspended by a double steel thread, 
ler the shade to the left of the picture, and is held nearly at right angles to 
magnetic meridian by the torsion of the thread. 

1 Under the clock-box, which stands in the centre, are the three cylinders 
'ered with sensitive paper. To each magnet is attached a semicircular 
Tor, which sends the rays from a jet of gas to one of the cylinders in the 
ck-bOK, and thus describes, by a curved line, all the oscillations of the 
gnet. A second semicircular mirror is fastened to the pier on which the 
trument stands, and, describing always a straight line on the cylinder which 
jpposite to it, gives the zero line for the curve. 

' These magnctographs were constructed by Mr. Adie, and are similar in 
irly every respect to those made for the Kew Observatory, utid« *Jue. fiwes.* 
a of Mr. Welch. 
'The magnetic room is built underground la ■pwjW. «. , a6S.«v (Jmsmhs- **■ 
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temperature, and we have been 
tunate that the daily range is sc 

It is curious that every kind of 
tion assists the magnetisation o 
or steel by terrestrial magnetis 
half-a-dozen iron wires, 12 or I 
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le statement which appears to me the most important, that is, Mr. Hopkins 
s i he is prepared to destroy the polarity of any given ship in ten minutes. 
- a only question I wish to ask, because the gist of the paper lies in that 
. Ttion, is whether Mr. Hopkins has performed that operation upon any ship. 

JMr. HOPKINS: No, not in any ship as yet; but I have made experiments 
^ong bars and plates of iron, and 1 am quite satisfied that I can produce 
'"same results on the iron plates of a ship. In reply to the observations 
' eh have been made I will not detain you long, because I do not think the 
'S arks made require lengthy replies. First, with regard to Sir Edward 

3 cher's remarks, he said that I stated that there was 110 magnetic pole. I 
'? not state that there was no magnetic pole ; on the contrary, I have endea- 
' a red to explain that the entire areas bounded by the antarctic and the arctic 
'<*les are the great magnetic poles of the earth, towards which all the magne- 
u: ineridians converge. I do not mean to say for one moment but that a 
"1 ping needle at the north latiiude of 70° approached nearly 90 , observed 

'Sir James Ross, and probably over a great number of square miles in that 
'ion; but I have seen dipping needles approaching 90 near the equator. 
"£re are many places in the islands of Scotland, also in Norway, Sweden, 
-H Russia, where the dipping needle will not only approach 90 , but remain 
'Sft Therefore 1 repeat that the dip of the dipping needle does not neces- 
c ily depend on the action of the terrestrial pole, but on local attraction. 
' a iides, neither experiments, analogy, nor observations on the magnetic 
al ridians support the notion of the magnetic pole being merely a mathema- 
-"3 point near BooihiaGulf. We have only to prolong the observed magnetic 
Vidians to the circle of 70" of latitude to show the fallacy of the Boothian 
J 1 ^. We must be guided by the meridians of the needles to determine the 
D !ition of the active polar areas. Go to Norway; go to Sweden; where do 
" needles point? Do they point to Boothia Felix? No; they do not. 
' 5 ty point towards the arctic region, and not to any special point. With 
' 'ard 10 the other point that Sir Edward stated with reference to the com- 
pis, I do not believe there is a possibility for the compass to point correctly 

-ess it be left entirely under the control of the great terrestrial force: any 
c ?rfercnce, whether by magnets or electric appliances, can only increase the 
'Jifusion and danger, and therefore the compass should not be tampered 
' h, but left to act freely and under the sole influence of terrestrial magnetism. 

fth regard to what Captain Sclwyn slated about the steering compass. He 

d, 'Never mind that; 1 believe you do not care much for the steering com- 
°is; you go by the standard compass.' Well, there is now always a difference 
,,ween the standard and the steering compasses. Wc know that in iron 
k'ps that difference constantly varies. You do not know what the variation 
i'that is constantly going on. Were you certain of the exact amount of 
'tiation, it would be like the watch and chronometer spoken of by Captain 

hi : but you cannot compare the case of your watch and chronometer 

It those of the standard and steering compasses when you have an iron 
-jsel, and where you have a perpetual change going on in the action of the 
' larity of the iron vessel. With regard to the rcfleclor, 1 see Captain Selwyn 
'prehends difficulty. I see none, and the appliance is already appreciated 
several experienced captains. I do not think there would be much diffi- 

Py in seeing a compass, with a good strong light, with a 1 ^-inch card at a. 

; tance of even y> feet However, I leave that to oOnets. TWne*^ otik.'^ot^ 

,■ ftdw ird Edchcr mentioned with regard to fee Tieccles,. \ wnx^raSes&i 
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familiar with all the needles they use in high latitudes. They are 
worthless in directive power. As to the dipping needles, they have no 
live power whatever, and, as justly observed by Captain Fishbourne, h 
lateral directive power at all, and cannot therefore serve as guides to 
mine questions connected with meridian lines. The curved magnetic 
will act where neither the straight nor the dipping needles can be re 
serviceable in high latitudes. It only remains for me, in conclusion, to 
you for the patience and kindness with which you have listened to the 
vat ions I have made. 

" The Chairman : I am sure there will be but one opinion among 
to a vote of thanks to Mr. Hopkins for the very interesting paper he ha 
He has brought forward some of the old ideas relating to magnetism 
many here were not acquainted with, and he has given us some new k e 
must say that his idea with respect to the bent needle is one which I t 
deserving of a trial. I must also say I should like to sec that dissipa 
the polarity of a ship tried, although I am afraid that the soft iron oft it 
would become magnetised by some other extraneous cause at prcsc 
known. I really believe this, although we are very thankful to him fo 
he has told us, that we shall still find it positively necessary to have rec 
to observation. I hope what you have heard to-night will strengthe 
confidence in the compass as a means of steering. There is another 
about the pole. As I nave passed within 70 miles of it, and the dip w 
47*, I must say that I can only look upon the pole as capable of being c el 
not perhaps exactly as a point, but very nearly as a point, because as I i; 
up, I changed from 89 47" north dip to 8<f 46" south dip. With res >< 
the deviation of the compass, it has been an old thing with us who ha\ 
in high latitudes. We know perfectly well that we suffer the same 
venience which is experienced now in iron ships. In Behring's Str 
going about there, the deviation of the ship amounted to six points of th 
pass; and I can say, which I have no doubt Captain Maguire will corro > 
me in, that we should have had the greatest difficulty in the world to ta c 
ships up into the position we did, if it was not for the admirable chaj 
Admiral Bcchey,and in which expedition Sir Edward Belcher served. 
is only one other point. I will say that I have listened to this paper 
great deal of gratification and pleasure, because, during the course 
service in the Arctic regions, it so happened that for two years I was n 
to use a compass at all ; therefore, I am able to appreciate anything tlia 
increase the value of it." 

The sequel is soon told, for Mr. Hopkins caught a violent cold 
engaged in attempting to depolarise one of the iron-clads; and, althou 
partially recovered, his system received a shock which ended in death 
kind ajid enthusiastic spirit was spared the disheartening report of th 
success of his method, subsequently brought before the Royal Society. 

Mr. Barlow corrects the local magnetic power of the iron of the s 
placing a piece of soft iron in a particular position, so as to compensa 
the derangement of the compass produced by the anchors, chains, gun 
of the vessel. 

Amongst the latest practical applications of magnetism to useful pu 
is that of Mr. Saxby, who proposes to test the iron of guns by magnetic 
Mr. Paget, C.E., in a very able paper in " The Etigjaftet," thus vcrjorts 
process or method of Mr, Saxby for testing won.* 
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" It is well known to engineers that it is a most difficult and often impos- 
sible thing to find out the existence of a false weld in a forging, or of a blow- 
hole or honeycomb in an iron or steel casting. The only safe way of doing 
this is by carefully measuring the elongation of the piece under a given load, 
as with a false weld all the work is thrown on the diminished area at the 
defective weld, and the thicker parts are scarcely extended by the force which 
is perhaps rupturing the bar at the flawed spot. It need scarcely be said that 
there are many important cases where this process, or the equivalent but 
dangerous one of trying the effects of an impulsive force, could neither be 
mechanically nor commercially practicable. Every one knows that a simple 
method by which internal flaws and solutions of continuity in constructive 
details could be easily detected would be of enormous value to the world. 
Such a method has undoubtedly been discovered by Mr. S. M. Saxby, R.N., 
who has very judiciously been allowed by the Admiralty, during the course of 
this year, to experiment with it in the royal dockyards. Though compara- 
tively new, and not yet completely worked out, the process will possibly have 
a yet more extended application than finding out only mechanical flaws in 
iron, and possibly in cast iron and steel. 

" The principle upon which Mr. Saxby's method is founded is so simple 
that it certainly seems strange that it had previously escaped notice. It has 
been known for nearly a century and a half that when a bar or any mass of 
soft iron is placed in the position of the dipping needle, it is at once sensibly 
magnetic, the lower extremity being a north pole in our latitudes, and the 
upper extremity a south pole. In the southern hemisphere the poles are Of 
course reversed, The same action, only weakened, takes place in a bar hang- 
ing in a vertical or any other position ; only the effect is weaker the more the 
position of the longitudinal axis of, for instance, a long bar departs from that 
of the magnetic dipping needle. 






" When, therefore, as in Fig. 1 3, a small compass needle is slowly passed 
in front of a bar of very good iron, placed in an east and west direction, the 
needle will not be disturbed from its proper direction, which is of course at 
tight angles to this, or north and south. 

" All this refers to regularly homogeneous bars of best quality — to bars 
without any mechanical solutions of continuity. With internal flaws or inter- 
ruptions of continuity the bar is no longer regularly magnetic. It has long 
been known that a good compass needle, or a good permanent magnet, must 
be homogeneous and without flaws in order to take and retain its maxkairo. 
amount of magnetism. In a word, any mechanical solution oj caivtvnuiAy -is 
accompanied with a polar solution of continuity, an& *<s ^iwito™,^ 
nith ffsws— whether permanently magnetised ot \.e.mc.cyia.T\vi ■aaVi **■«. 
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Fig. 14. 



e action of the earth— is no longer one regular magnet, but several d 
magnets, with the different magnetisms separated from each other, 
delicately -poised magnet of a compass can thus be made to tell the pre* 
of such solutions of continuity. The above drawing (Fig. 14), showing t 
actual results of the test with a f in. bar, 1 2 in. long, will illustrate the mar - 
in which the compass magnet is affected by the presence of cracks, of soluti 
of continuity, in the bar, which is supposed to be lying in the equatorial 
magnetic plane, or cast and west. 

" By the enlightened permission of the Admiralty Board, Mr. Saxby, a 
stated, has already been allowed to test his method in various ways ir ' v 
royal dockyards of Sheerness and Chatham, and we will describe some 1 
practical results of these experiments. Amongst these were a number of v< 
remarkable trials conducted in the presence of the master smiths, the foremen' 
of the testing-houses, and several of the chief engineers of the royal n 

1 ■" "T * " 
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FIG. 15. 

Mr. Saxby, for instance, was requested to find out the weakest spots in 3 
number of bars, and to tie a string or make a chalk mark on each spot 
Immediately afterwards all these bars were put into the testing machine ar 
broken. Their history is given above, in the annexed cuts (Fig. 15), tl 
prediction having in every case been verified. The bars are shown by lin 
to scale, and a scroll is placed where the weakest pan was found out by tJ 
needle. The vertical doited lines indicate the spots where the several ba 

" The smiths of the royal dockyards seem to have properly tried Mr. Saxby 1 ! 
powers in almost every possible way, and most ingenious devices were some* 
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s resorted to for the purpose. As examples out of many, in the centre of 
r (Fig. j6) of i in. square forged iron was welded a piece of unmagnetizcd 
steel about 5 in. long. The needle detected a fault at about the centre of the 
piece of steel. 



Fig. 16. 

"Now Mr. Saxby's method can delect the presence, and negatively of course 
the absence, of small or large solutions of continuity. It can detect false 
welds, smaller flaws caused by bad workmanship or wear, and, we believe, 
what is commonly termed ' crystallization,' which will, probably, at once be 
generally acknowledged to consist in a disruption or parting of the facets of 
the amorphously arranged crystalsof which iron is built up. Il can, of course, 
only detect the results of the chemical constitution of iron, as evidenced in 
the less perfect cohesion of the crystals when alloyed, in relatively consider- 
able quantities, with foreign bodies. There is little doubt that the magnetic 
method is a test of the homogeneous character of the iron and of its freedom 
from fissures and cracks, and so far it undoubtedly forms a test of quality. It 
will appear scarcely credible that a common pocket-compass needle should 
be able — almost like the divining rod said to lie used fur finding out springs 
of water — to discover important defects in large iron bars. A mere statement 
of the fact does sound almost incredible until the simple means actually 
employed arc explained." 

Amongst the influences which open the pores of the steel, as it were, to 
receive a full charge of magnetic force is that of heat, and it is found that 
when steel is made red hot. and allowed to cool in the direction of the mag- 
netic dip, it acquires more quickly and largely the magnetic charge. 

It was contended by Mrs. Somerville that urn '■ - were 

magnetized if exposed to the violet ray of the spectrum; but Kicss and Mbser 
have shown that these effects only take place when the needle is perpendicular 
to the magnetic meridian, facilitated by the heating of the needle, first by ex- 
posure to the violet rays, and secondly and more especially by the subsequent 
cooling. 

A powerful steel magnet, heated to a white heat, loses its magnetic power. 
Red-hot iron is no longer rendered magnetic by induction. 

Nickel, raisetl to the temperature of boiling oil. loses its magnetic virtue. 

It ought to be mentioned here, that certain metals, nickel and cobalt, have 
:t magnetic powers ; and Sir Charles Wheatstonc has given a very in- 
5 and elegant method of detecting minute quantities of magnetic force. 

" "a short sewing needle, A (Fig. 17), the eye end being broken off, rest 
Is point 011 the polar surface of a powerful bar magnet, it will generally 
position inclined to the surface; but a locality may generally be found 
n which the needle will stand nearly vertical ; this poini may be ascertained 
— placing a piece of unglazcd paper, D, between the needle and the magnet, 
d moving it about until the vertical position of the needle W Atowi. 
"" e elevate the paper and needle aVjove ike. ■rcvaxni^. Vo *o& ■jjp.z&ks'- 



i 4 MAGNETISM. 

distance at which the needle will remain vertical, it becomes to the last degree 
sensitive of magnetic force ; so that by bringing specimens of nickel or cobalt, 
which have the least magnetic power, or any impure metal, such as a specimen 
of metallic manganese, which Faraday thought he had proved (when entirely 
free from iron) does not indicate the slightest magnetic power," or rhodium, 
iridium, or hammered brass, if the latter metals contain any iron, they will 
affect Wheatstone's test needle, but not otherwise." 




There are other influences that may affect the magnetic needle. When a 
plate of copper is rotated quickly (say 800 revolutions per minute) beneath 
a suspended magnet, the latter also is thrown into rapid rotation. 




might be thought that this was brought about by the motion of the air; 
the same effect occurs even when the copper plate rotates in a vacuum, 
wholly screened by glass from the magnetic needle. 

* See Dia-magnetlsm, fat further information, 
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The apparatus (Fig. 19) exhibits this curious property of metallic plates in 
motion, and is usually made by Elliott with a variety of metallic plates, all 
of which, when spun round rapidly, first cause the magnetic needle to deviate 
from its natural position, and then finally to assume rotation. 

When the experiment is reversed, and a compound bent magnet is caused 
to revolve with great velocity about its axis of symmetry, and below the metallic 
plate, which is carefully suspended, then the latter commences revolving in 
the same direction. 




All these experiments have arisen from the original one performed by Arago, 
who first tried the effect of a ring of copper upon the oscillation of a delicate 
magnetic needle which it enclosed. In free space the magnet performed 420 
oscillations before it reached an arc of io°, whereas, when surrounded with 
a copper ring, they were reduced to fourteen oscillations ; under the same 
circumstances in a ring of wood, the oscillations were reduced from 420 to 
about 300. 




DIA-MAGNETIS 

In the preceding chapter, it 

pointed out that the loadstone, 
steel, cobalt and nickel, poss 
nary magnetic power?, and ca 
cit repel a magnetic needle, 
now in the beautiful experim 
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netic powers of other -ubaUr 
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cialiy designed to illustrate 1 
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offtoarnugh point; and if a rod of iron is suspended between them and the 
electro-magnet connected with the battery, the rod takes up an axial position, 
whilst a similar rod of bismuth, also suspended by a filament Of silk, places 
itself at right angles to that position, as is shown at Fig. 22. 




In all these experiments the poles of the magnet, with their soft-iron a: 
tures, are surrounded with a glass box, like the lantern of a balance, to prevent 
the action of currents of air. Faraday discovered that when the crystals or 
solutions of salts of metals that are magnetic, such as ferrous sulphate, 
are placed in a glass tube which is not magnetic, they do, as a general rule, 
place themselves axially. Cobaltous and nickelnus .sulphate behave in the 
same manner ; and this axial position is always maintained, provided the metal 
enter into the basyi of the salt. 




1 




When a single pole of the electro-magnet is used, repulsion takes place with 
very many bodies, and, of course, if the substance is repelled by both poles 
«hcn placed in the magnetic field, it will take u.^Aace ^t\^\ ot.'^s.'v.q'^'^ 
magnetic current, or the equatorial position. 



— The Cube of Bismuth taking the Equatorial position. 
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Phosphorus, bismulh, and antimony — the first a non-conductor o 
tricity, and the second and third metals therefore conductors— axe eai 
all repelled from a single pole, or place themselves in the equatorial p 
between the two poles. 

It is most amusing to twirl a suspended halfpenny between the poles 
electro-magnet (Fig. 24). Of course this may be done as often or ; 
as the e*pe rim enter pleases; but if, whilst the coin is rotating, the t 
magnet is connected with the baltery, the halfpenny stops dead, and in 
places itself in the equatorial position. 




Fig. 24,—T/is Halfpenny twirled, then stopped by the magnetic force. 

The preceding experiments show that those bodies which are not magneti 
will exhibit dia-magnetic properties, i.e., they are substances through whi 
the lines of magnetic force (represented by the beautiful curves assumed b 
iron filings when sprinkled on a sheet of cardboard held over the poles of 
powerful magnet or, still better, an electro- magnet) pass without affecting tl 
like iron, cobalt, or nickel. 

This mode of experimenting is more delicate as a test for magnetism tha 
the use of the needle, already alluded to at page 14. Fig. 17. 

And it was by taking solutions of pure salts of manganese and chromium, 
and placing them in the magnetic field, that they were discovered to be maj 
netic, whilst as metals it was so difficult, if not almost impossible, to obtai 
them in the pure state and free from iron. (Fig. 25.) 




Fig. 25. 

Faraday, always so exact and orderly in his classification and nomenclatur 

proposes to include all the phenomena under one general title, viz., that o 

magnetism, and to subdivide this into para-magnetic and rlia-magnetic ph 

"omena. A very long list, originating with Far. iu,iy, has therefore been framed 

i this principle. 
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Para-Magnetic, usually 
called Magnetic. 


Dia-Magnetic. 


rara- Magnetic, usually 
called Magnetic. 


. Dia-Magnetic 


Axial. 


Equatorial. 


Axial. 


Equatorial. 


Manganese 


Lead 


Sulphate of zinc 
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Nickel 


Cadmium 
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Phosphorus 
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Sodium 


All sorts of iron, \ 


Common salt 


Iron 
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where the latter > 
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Titanium 


Zinc 


is basic ) 


Sulphur 


Palladium 
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Cerium 
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Tourmaline 
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Chromium 


Antimony 


Charcoal 


Iceland spar 


Platinum 


Arsenic 


Oxygen, which ) 


Tartaric acid 


Osmium 


Silver 


stands alone as f 


Citric acid 


Paper 


Gold 


a para-magne- X 


Water 


Sealing-wax 


Copper 


tic gas J 


Alcohol 


Berlin porcelain 


Tungsten 


Salts of chromium 


Ether 


China ink 


Uranium 


Salts of manga- ) 
nese j 


Sugar 


Plumbago 


Rhodium 


Starch 


Peroxide of iron 


Iridium 


Oxide of titanium 


Gum arabic 


Fluor spar 


Alum 


Oxide of chro- ) 
mium ) 


Wood 


Asbetos 


Glass 


&c., &c. 


Silkworm gut 


Rock crystal 


Chromic acid. 




Red lead 


The mineral acids 








Nitn 


>gen. 





Nitrogen is like a vacuum — it is neither para-magnetic nor dia-magnetic ; it 
is, in strict reason, like space, with reference to these experiments ; it is a zero, 
or "a starting-point. 

The magnetic or dia-magnetic property of a body, curious to say, varies 
according to the medium in which it is placed : thus, a glass rod, suspended 
horizontally in water, which we find, with glass, in the dia-magnetic column, 
points axially, like any ordinary magnetic body ; but if the same glass rod is 
suspended in a solution of ferrous sulphate, a magnetic body, it points equa- 
tonally. 

The magnetic-field test discovers whether a metallic salt has the metal in 
the basyl, the basic, or electro-positive state ; or whether the metal is simply 
a part or constituent of the acid or electro-negative compound. Iron is basyl 
in ferrous sulphate, and sets axially, and is para-magnetic ; but in potassic 
ferrocyanide it forms part of the ferrocyanic acid, and therefore the crystal 
sets equatorially, and* is dia-magnetic* 

The reader will find all the apparent exceptions and peculiarities attending 
their structure in Tyndall and Knoblauch's paper (Phil. Mag., 1850, vol. xxxvi., 
p. 178, and xxxvii., p. 1). The same gentlemen have discovered that dia- 
magnetic repulsion is as the square of the intensity of the current ; and Reich, 
Weber, and Tyndall seemed to have proved that which foiled Faraday, viz., 
that bodies under dia-magnetic influence exhibit polar characters. The polarity 
is the reverse of all other polarities, electrical or magnetic : the feeble polarity 
of a dia-magnetic substance is the same as the pole of the magnet in its neigh- 



* The same test will discover, for Instance, In a roll of paper, whether it contains Itow ck \nr>v. >&. 
i 1 contains the metal, or is coloured bine with cobalt, it ny\U *eA «x&\Y)tta&a»sK. wml %»&. vjSaax w^ 
magnetic! 01, to use Faraday's p/irascology, para-magnetic. 
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bourhood; whereas we have karat thai north induces south magneti: 
piece of iron, and vitreous electricity induces negative in the body " 



approached. 

The dia-magnetism of gases was first shown by Father Bancalari, of ( IctlOS 
who discovered that flame, such as the flame of a candle, was influenced b." 
the poles of a powerful electro-magnet. 




FlG. lb.— Effect of the Pales on Flame. 



Faraday tried Bancalari's 
the magnet was horizontal, ; 
side or the other, with about one-third of the flame rising above t' 

of the upper surface of the poles, the flame seemed to be repelled away fr 

the axial line, moving equatorially until it took an inclined position, as if a 
gentle wind was acting upon it, and causing its deflection from the perpendi- 
cular line. 

It was the flame experiments which led to the discovery of the ma 
property of oxygen, and of the dia-magnetic properties of atmosphci- 
nitrogen, hydrogen, coal gas, olefiant gas, &c 

Faraday showed that soap-bubbles, filled with various gases and blown 
from the end of a capillary tube, were either attracted or repelled a< 
as the gas was magnetic or dia-magnetic. 




1G. 17.— Melting Fusible Metal between the Poles of the greet 
Eleetro-Maput. 

One of the most curious experiments which may be performed with the dia- 
magnetic apparatus is that of overcoming the equatorial or para-magnetic 
force by physical power. The twirled penny-piece brought to rest between 

the poles, if forcibly turned round, will by thcraotum g,esi£»!uc^g&,%&&Y[ 

vmade veryboL 
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If abrass tube, containing some solid fusible metal, composed of two parts by 
weight of bismuth, one of lead, and one of tin, with a few drops of mercury, 's 
rotated very fast by a whirling-table wheel between the poles of the powerful 
magnet, no effect is produced until contact is made with the battery, and then 
the rotation or motion is speedily converted into iici.it, and the fusible metal is 
melted as if it had been held over the fire. 1 [era again is a perfect conservation 
of ford. The heat which melted the alloy is the exact equivalent of the 
chemical power of the battery used, although it acts by an intermediate force, 
viz., magnetism ; but the chemical action produced the electricity, the current 
electricity produced the magnetism, and, the magnetic force which lends to 
keep the bismuth in the alloy in the equatorial position being overcome and 
resisted by physical force, the muscles of the arm acting on the whirling table 
eliminate heat. 

Faraday thought he had proved, by using heavy glass and permitting a 
ray of polarized light to pass through it, that the ray was affected by the 
powerful magnetic force eliminated from the great electro- magnet. Faraday's 
glass consists of a mixture of silicate and borate of lead, and is much denser 
than ordinary glass. If a ray of polarized light is allowed to pass through it, 
and is then examined in the ordinary manner with an analyzing plate or a 
bundle of plates of glass, or by a tourmaline or a Nicol's prism, the light, of 
course, disappears, as already explained in the article on Light, when the plane 
of reflection from the analyzing plate is at right angles to the plane of polari- 
zation. (Fig. 28.) 




If now the battery is connected with the electro -magnet, between the poles 
of which the bar or cube of Faraday's dense glass is pliiced, the light re-appears 
instantly, again disappearing when contact is broken with the battery. 

Mattcuchi found that the effect was increased by increasing I he temperature 
of the cube of heavy glass to 600° Fahrenheit ; and he also ascertained that 
by subjecting the heavy glass to pressure he could change the direction of the 
ray of polarized tight, as Faraday had done. So that, in fact, Faraday was 
h I'i'ing ; the magnetic force did no I act upon the ray of polarized light, but on 
the molecules or particles of the glass, which were under a strain during the 
time they were subjected to the action of the powerful electro-magnetic force. 
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ELECTRO-MAGNETISM, MAGNETO-ELECTRICITY, 
THERMO-ELECTRICITY. 

In 1820, CErstcd, a Danish scientific man, discovered the connection between 
electricity and magnetism. It was not found where philosophers sought for il 
They thought to imitate Nature; and as some steel knives were found to be 
powerfully magnetic after a discharge of lightning had passed through a box 
containing them, they subjected other pieces of steel to the discharge C 
powerful Luyd'/n b ttteries « tthont producing the effect they expected. 

(Ersted found tli.it the electricity must be in mi"'! ion. or in a dynamical state, 
such as it would be in when evolved from the voltaic battery. 

Static electricity will, under certain arrangements to be hereafter described 
magnetize steel ; but the mere fact of allowing a wire charged with statica 
electricity (the force from the electrical machine) to approach a magnetic 
needle does not affect the needle like the same wire conveying a current froir 
a single voltaic circuit or, still better, a battery. 

M. Ampere, who took up the subject directly after CErstcd had publishes 
his discoveries, laid the foundation of the science of electro -dynamics. He 
discovered that every part of the whole circuit — the wires, the terminals or 
poles, the battery, in fact, all parts — exercised a magnetic newer upon the mag- 
aetic needle. He also proved that the force vias \i 
tn6v*jhf/t,ft. Ampire made himself fully ui " ' 
concave 3 man lying down in the circuit, i 
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and body. We arc now to suppose that the current enters the wire at his feet 
and goes out at his head, and that his upturned face and eyes are directed to a 
magnetic needle suspended parallel with and over the wire conveying the 
electric current, so that the north pole of the needle points to his face. 
Directly the current passes, the needle is deflected to his left hand ; and by 
reversing the direction of the current, and causing it to flow into the wire at 
his head and out from his feet, the needle will now move to his right hand. 




~IG. 30.— Wire conveying a Current 0/ Ekctrkitv affecting the Magnetic 
Needle. 



Thus every possible variation may be imagined as long 
same relative positions of the wire and the human body ; and it was further 
ascertained that the intensity of the-deciro-miigiiaic force is in the inverse ratio 
to the simple distance of the magnetic needle from the current; or, in other 
words, that the elementary action of a simple section of the current upon the 
needle is in the inverse ratio to the square of the distance. 

If a single wire can affect a magnetic needle, it is evident that by doubling 
and trebling the wire, or winding it round in a helix, the effect must be 
enormously increased, provided the coils of wire do not touch each other, or 
are covered with some non-conducting material, such as silk or cotton; hence 
it is that coils of wire are constructed so that a piece of soft iron placed 




Fig. 31. 



aide the core becomes a most powerful mama fimeC&j <asoS *?-^-. 
th the battery. When the immense power of Ok eVwMo-mwff**-^ 
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a-ined, great anticipations were formed of the application of this force as a 
motive power. It is not surprising that this should have been the first ex- 
clusion. Thus the great electro-magnet, made by Mr. Apps, that heads the 
chapter on Dia-magnctism, "ill iifi live hundredweight with a single quarter- 
pint Grove's cell, and three tons with twenty cells. This conveniently arranged 
magnet, after being used for dia-magnetic experiments, may be employed for 
showing the attractive force of the great electro- magnet. It is attached to a 
lever, which turns it over; and, when suspended with the poles downwards, 
't is connected with a compound-lever arrangement, on the same principle 
as railway weighing-machines, and the weights used are one quarter, one half, 
and one hundredweight. 

The writer well remembers the late Prince Consort, on the occasion of one 
™ his private visits to the Polytechnic, putting a question to him as to the rate 
«?t which the electro -magnetic power increased or decreased with (he distance 
'^oiri the great electro-magnet beloni.;inL, r l fit h..: I'olvieehnie. The attractive force 
Q'minishey enormously. Thus, in a paper read by Mr. Robert Hunt before the 
■'nstitution of Civil Engineers, the following instructive diagram was exhibited; 

. J 5 of an inch = 36 ih. 




HiS*SP th « whilst contact gave a power of aso!b„at a distance 
Ch «*e attractive force diminished to 36 lb. 
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adhere to it as long as the current passes. If the wire is coiled upwards round 
a glass tube from left to right, it is called a dcxtrorsal helix ; and if coiled 
downwards, and in the same direction, it is termed a sinistrorsal helix. 

A piece of steel placed inside such a helix, conveying the voltaic current, is 
soon magnetised. If the same coil is used to convey the charge from a Leyden 
battery of 6 ft. surface, a piece of steel is instantly magnetized. Electricians 
had missed this form of the experiment until CErstcd's discovery. 

If a bar magnet be held so that it is horizontal, and the north pole directed to 
the vertical portion of the rectangular wire, 50 supported that whilst convey in{ 
the electric current it moves freely round in a circle (Fig. 34), it will be fou 



/ 




34. — The Rectangitla: 
Wire Jrcrfy suspended on 1 
vertical Standard. 
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Fig. 35- 



that, if the upright portion of the wire is conveying the current from below 
upwards.it is repelled, but attracted if the south pole is substituted; and thus, 
by the dexterous substitution of one pole for another in presenting the bar 
magnet to the rectangular wire, it may be caused to rotate. 

Polarity is shown by the sides of the wire, whereas in steel magnets it is 
discoverable at the ends. 

The same attraction and repulsion occurs if another electrified wire is 
brought towards the suspended rectangular wire whilst conveying the electrical 



Fig. 3J is a good illustration of the direction of the current circulating 
around each section of a magnet everywhere in the same direction, viz., from 
top to bottom in the face that is turned towards the moving wire, and from 
bottom to top in thai which is opposite to it. The sum of these directions 
amounts to a current. 

A similar result is obtained when a horizontal wire is directed to a magnet 
suspended vertically. The magnetic current circulating around the ina-nct are 
again shown by arrows. A magnet may. therefore, says De la Rive, be con- 
sidered as formed by an association of electric currents, all dtcuL^w.^'Aa 
le direction around its surface, and al s'auatfcim ■Aa.-wss, ■<^^ v >'-^ 

*Utf the constitution of magnets, %W^t?^ % »*• * «^** 
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Fig. 37- 



FlG. 36. — Magnet suspended in a perpendicular 
line, the Current flowing horizontally. 

explains (Ersted's original experiment, and also all those that relate to the 
deviation. In order to confirm the hypothesis to which he had been led, of 
the nature of magnetism, Ampere endeavoured to arrange electric currents in 
the same manner as he had conceived they were naturally arranged in a 
magnet. 




Fig. 38. — Magnet revolving around Wire conveying the Current. 

hus .1 flat soiral coil of wirefFicr. *7\. nieelv sunnorted and resting on nninl 



Thus fi flat spiral coil of wire (Fig. 37), nicely supported and resting on points, 
and perfectly mobile, fakes a position perpendicular tQ\y&Tcva.^^\c.mig&&»xu 
By reversing the experiment, and causing the mxe \o\>£ fa^u&^c&™a^s&> 
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to revolve around it (Fig. 38), further proof was obtained by Faraday of the 
mutual relations between magnets and wires conveying the voltaic current. 
In this case we have the revolution of ons pole of a magnet about a verti- 
cal wire transmitting a rectilinear current. The direction of rot 
reversed each time the direction of the current is reversed. 

Or the experiment may be again modified and reversed by supporting (as 
with the apparatus made so nicely by Messrs. Elliott) two helices or coils of 
copper which are made to convey the voltaic current, and rotate in opposite 
-Erections around the poles of the horse-shoe magnet, as shown in Fig. 39. 





—Contrary Rotation of two helical FlG. 40. 

foiled Wires around the Poles of a Magnet. 

This apparatus is usually called Ritchie's, spirals. De la Rive says Ampere 
succeeded in overcoming all objections to his theory, and established it on 
such a solid basis that it is at the present time generally admitted. He set 
□ut from the principle that the electric currents to which, according to his 
view, magnets owe their properties are molecular, that is, that they circulate 
around each particle. These electric currents pre-exist in all magnetic bodies 
even although they have not been magnetized, only they arc arranged in an 
irregular manner, so that they neutralize each other. Magnetization is the 
operation by which a common direction is impressed upon them ; whence 
it follows that the series of the exterior portion of the molocular currents, 
which arc all moving in the same direction, constitutes a finished current 
around the magnet, whilst, the interior portions are neutralized by the exterior 
ones, moving in the contrary direction, of the following molecular stratum. 

Fig. 40 represents the ;cetton of a cylinder magnet and the magnet itself. 
™.e direction impressed upon the currents by nu^TieUiiaiirm is maintained in 
" s that are endued will coercitive force, and ceases in others, such as 
loon, as the force that determined, it ceases, \>(it'iv. , =*t'iv^\'S^.'*^ 
Tents, being free to obey there vnuUiaS. aeattB,VaS£.«.*-^'" & """* 
ts'tlca Hint produces equilibrium, or the neutta&a&on «&«*«?] * aisXNC!t 
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To Faraday is due the credit of realising the idea that the mutual reaction 
of magnets or wires conveying electrical currents, and vice versd, should pro- 
duce rotation ; and he was the first to cause a wire conveying a current to 
revolve around a magnet, and the latter to rotate about a wire through which 
the voltaic current is passing. 

These original and philosophical experiments have been extended to larger 
apparatus, and various attempts have been made to use the electro-magnetic 
rotation successfully: Dal Negro, 1832; Professor Botto and Professor J acobi 
in 1835 ; Mr. Thomas Davenport, of the United States, in 1837 ; and Mr. Taylor 
in 1839. 

Davidson, in 1837, placed an electro-magnetic locomotive on the Edinburgh 
and Glasgow Railway. The carriage was 16 ft. long and 6 ft. broad, and weighed 
about 5 tons, with all the arrangements ; but, when put in motion, a speed of 
only 4 miles per hour could be obtained. 

Professor Page constructed an electro-magnetic engine which created much 
interest at the time, and he calculated that the consumption of 3 lb. of zinc per 
diem was equal to one horse power. Page's engine was followed by those of 
Talbot and Wheatstone. 

Mr. Hjorth exhibited in London an engine which found many admirers. 
The attractive force of Hjorth's machine is thus given by Mr. Hart, from, 
whose valuable paper the above historical details are taken : 




72 lb. 
80 „ 
88 „ 

124 „ 
Ho „ 
160 „ 



Fig. 41. — Hjorth } s Principle. 

but, like the rest, it was abandoned. 
^ Dr. Botto states that 45 lb. of zinc consumed in a Grove's battery are suffi- 
cient to work a one-horse power electro-magnetic engine for twenty-four hours. 
Mr. J. P. Joule calculates that the same result would have been obtained . 
by the consumption of J$ Jb. of zinc in aDanidVs \rattorj. ^x.^oraNst vctsl 
•-On Scoresbythus sum up a series of experimental resu\\v.— ^\3\^\V^\vste, 
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we feel ourselves justified in fixing the maximum available duty of an electro- 
magnetic engine, worked by a DanielFs battery, at 8c lb. raised one foot high 
for each grain of zinc consumed. This is about one-half of the theoretical 
maximum duty. In the Cornish engines doing the best duty, one grain of coal 
raised 143 lb. one foot high. Zinc L Arorth about ^35 per ton, and engine coal 
is worth less than £1 per ton, delivered in London. Comment upon this is 
unnecessary. 

The fact is, an electro-magnetic engine is a very pretty toy, and can be 
used, like Mr. Apps's half-horse power engine (Fig. 29, p. 22), to turn a 
small lathe, or propel a small boat, or turn whirling tables or other apparatus 
on the lecture-table, i.e., where the cost of zinc and acids from the battery is 
of no consequence. Mr. Apps furnishes the following particulars of the above 
named electro-magnetic engine : 

" Weight .80 lb. When driven to 400 revolutions per minute by 20 cells 
Grove (platina 6 in. X 3 in.), a half-horse power is obtained. It will drive with 
equal facility in either direction, or, on reversing the current by the double 
commutator, the magnetic power produced is opposite to the momentum 
previously acquired (acting like a friction-brake) ; the direction of rotation is 
reversed, and in about thr^e seconds the former rate of speed is acquired. 

" A very important point is gained in this machine. The current being 
gradually broken, the spark usually produced at the breaking of the contact is 
avoided. Besides this great advantage, the residual magnetism is destroyed, 
which alone in the old machines diminished their power by at least one 
quarter. The machine is well adapted to drive a lathe or the screw propeller 
of a small boat." 
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MAGNETO-ELECTRICITY. 



INDUCTION BY CURRENT ELECTRICITY. 

It has been noticed that a current of electricity elicits magnetism, a 
therefore it is not surprising that the effect should be reversible; liul 
this may appear in theory, it was a long time before Faraday succeeded i 
overcoming the difficulties he encountered, and was enabled to relate his si 
ce^s in the '' I'hilosuphical Magazine, 1033, page 125. 

Tlu' "vtrvmities of a helix or large hollow bobbin a! wire w 
with the galvanometer needle, cure being taken th.it the galvanometer shouli 
not be near enough to be affected by the magnet which Faraday used. 




Fig. 42.— Faraday's first Experimtnt, 

The movement of the bar magnet across the coils produced a 1 
which affected the needle, and stiil better when, as In Fig. 4;, the magil 
was intruded into the axis or hollow ot the bobbin or helix. Not only Is the 
needle deflected when the magnet is insulated, but it is also moved in a 
opposite direction when the magnet is removed. 

When two concentric helices, of course of insulated or covered wire 
arranged, the inner one being of thicker wire than the outer, and wound ri 
an axis or core of soft iron, a very powerful secondary current is obtained 
the outer coil when the inner core is magnetized. Such currents are call 
induced currents, and are always more powerful when soft iron forms the a 
or core, because the iron, in acquiring or losing magnetism, produces 
secondary current which occurs in the same direction as that induced by tl 
inner coil or helix. 

Here. then, is a distinct excira*i on or elimination of electricity by magnetism 
alone, and is called magnetic electric induction In oA^tiwgmsfcv \i- ftoro valta- 
electric induction, also investigated by Faraday, and\>\oa^\v'cc:^cftnL^it^i 
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Society in 1 83 1. In the latter experiments, two great coils of wires were 
wound together, metallic contact, of course, being prevented. One coil was 
connected with the galvanometer, and the other with the voltaic battery. 
The induced electricity in the second coil was suddenly produced like a wave, 
presenting a marked difference to the magneto-electric induction, which was 
much slower in its production. Here, then, are two modes of induction: 

1. VOLTA-ELECTRIC INDUCTION; 

2. MAGNETO-ELECTRIC INDUCTION. 

The magneto-electric induction has been applied to the production of cur- 
rents of electricity by Pixii — the first in Paris, 1832, followed by Saxton and 
E. M. Clarke. 

Such instruments, in which a powerful compound-mag- 
net, having rotating in front of its poles an armature or 
bobbin of fine wire (which may be varied to produce 
either quantity or intensity effects), elicits a current that 
can be made to illustrate physiological, mechanical, che- 
mical, and ordinary electrical effects, are so fully described 
in every book on electricity that the writer prefers to pass 
to newer and more perfect arrangements. 

Magneto-electricity was applied and exhibited by Mr. 
Holmes in the Great Exhibition of 1862, and obtained 
from a machine of novel construction. At the same Ex- 
hibition, and also in Paris, 1867, the writer saw Nollet's 
machine as improved by Mr. van Malderen, who took 
great pains to show the writer the construction of his magneto- electric ma- 
chine for light-giving purposes ; and it was understood that, at a cost of ^300, 
one of these machines, turned by a steam-engine, might supply the Polytechnic 
with the electric light at any time it was set in motion. The current passed 
to a Serrin's lamp, and certainly produced a most brilliant light. 

In the article on the Telegraph, it will be noticed that Sir Charles Wheat- 
stone uses a magneto-electrical machine of improved construction, instead of 
the voltaic battery. Wheatstone's exploder for military purposes generates, 
its electricity in the same manner. There are many other modifications of 
induced currents, such as the experiments of Faraday, *' On the Induction of 
a Current on itself," read before the Royal Society, 1835; an d Dr. Henry's 
(College of New Jersey, Princeton; experiments (described in 1833) with flat 
coils of insulated copper ribbon and helices of fine covered copper wire, by 
which induced currents of the third, fourth, and fifth order could be obtained, 
by alternately arranging the insulated copper ribbons and the helices of fine 
wire. 

In the "Proceedings of the Royal Society," No. 90, 1867, Sir Charles 
• Wheatstone describes a most interesting series of experiments " On the Aug- 
mentation of the Power of a Magnet by the reaction thereon of Currents 
induced by the Magnet itself," as follows : 

" The magneto-electric machines which have been hitherto described are 
actuated either by a permanent magnet or by an electro-magnet deriving its 
power from a rheomotor placed in the circuit of its coil. In the ^tes^tvt xvo^ 
I intend to show that an electro-magnet, ti \t possess ^X. ^- c.waxMSNRsxa«s&. 
the slightest polarity, may become a .powerful \na^asX\yj ^ sg«^&^ **s >s ^ 
meriting currents which itself originates. 
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" The following is a description of the form and dimensions of the electro- 
magnet 1 have employed. The construction, it will be seen, is the same as 
that of the electro-magnetic part of Mr. Wilde's machine. 

" The core of the electro-magnet is formed of a plate of soft iron, 15 in. in 
length and \ an inch in breadth, bent at the middle of its length into a horse- 
shoe form. Round it is coiled, in the direction of its breadth, 640 ft. of insu- 
lated copper wire -J- of an inch in diameter. The armature, which is according 

to Siemens's ingenious construction, consists of a rotating cylinder of soft iron, 
8| in. in length, grooved at two opposite sides so as to allow the wire to be 
coiled upon it longitudinally ; the length of the wire thus coiled is 80 ft., and 
its diameter is the same as that of the electro-magnet coil. 

" When this electro-magnet is excited by any rheomotor the current from 
which is in a constant direction, during the rotation of the armature, currents 
are generated in its cell during each semi-revolution, which are alternately in 
opposite directions ; these alternate currents may be transmitted unchanged 
to another part of the circuit, or by means of a rheotrope be converted to the 
same direction. 

"If now, while the circuit of the armature remains completed, the rheomo- 
tor be removed from the electro-magnet, on causing the armature to revolve, 
however rapidly, it will be found by the interposition of a galvanometer, or 
any other test, that but very slight effects take place. Though these effects 
become stronger in proportion to the residual magnetism left in the electro- 
magnet from the previous action of a current, they never attain any consider- 
able amount. 

" But if the wires of the two circuits be so joined as to form a single circuit, 
in which the currents generated by the armature, after being changed to the 
same direction, act so as to increase the existing polarity of the electro- 
magnet, very different results will be obtained. The force required to move 
the machine will be far greater, showing a great increase of magnetic power 
in the horse-shoe ; and the existence of an energetic Current in the wire is 
shown by its action on a galvanometer, by its heating 4 in. of platinum wire 
•0067 in diameter, by its making a pdwerful electro-magnet, by its decompo- 
sing water, and by other tests. 

" The explanation of these effects is as follows : — The electro-magnet always 
retains a slight residual magnetism, and is therefore in the condition of a weak 
permanent magnet; the motion of the armature occasions feeble currents in 
alternate directions in the coils tnereof, which, after being reduced to the 
same direction, pass into the coil of the electro-magnet in such manner as to 
increase the magnetism of the iron core ; the magnet, having thus received an 
accession of strength, produces in its turn more energetic currents in the coil 
of the armature ; and these alternate actions continue until a maximum is 
attained, depending on the rapidity of the motion and the capacity of the 
elsctro-magnet. 

"If the two coils be connected in such manner that the rectified current from 
the coil of the armature passes into the coil of the electro-magnet in the 
direction which would impart a contrary magnetism to the iron core, no cur- 
rent is produced, and consequently there is no augmentation of magnetism. 

" It is easy to prove that the residual magnetism of the electro-magnet is 
the determining cause of these powerful effects. For this purpose it is sufli- 
cfent to pass a current from a voltaic battery, a ma%TYeto-^c\x\c.m^O^^«t. 
*ny other rheomotor, into the coil of the electro-magoe*. *m esxVet ftxerttafe, 
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and it will invariably be found that the direction of the current, however 
powerful it may eventually become, is in accordance with the polarity of the 
magnetism impressed on the iron core. 

" If, instead of the currents in the coil of the rotating armature being re- 
duced to the same uniform direction, they retain their alternations, no effects, 
or at most very small differential ones, are produced, as no accumulation of 
magnetism then takes place. 

" I will now call attention to the fact that stronger effects are produced at 
the first moment of completing the combined circuit than afterwards. The 
machine having been put in motion, at the first moment of completing the 
circuit 4 in. of platina wire were made red hot ; but immediately afterwards 
the glow disappeared, and only about one inch of the wire could be perma- x 
nently kept at a red heat. This diminution of effect was accompanied by a 
great increase of the resistance of the machine. The cause of the momentary 
strong effect was, that the machine from its acquired momentum continued 
its motion for a few seconds, though it required a stronger force than could 
be applied to maintain that motion. Each time the circuit is broken and re- 
completed, the same effect recurs. 

" On bringing the primary coil of an inductorium (RuhmkorfPs coil) into 
the circuit formed by connecting the coils of the electro-magnet and rotating 
armature, no spark occurs in the secondary coil. On account of the great 
resistance of the circuit, which now also includes the primary coil of the in- 
ductorium, the current is not in sufficient quantity to produce any noticeable 
inductive effect. 

" A very remarkable increase of all the effects, accompanied by a diminu- 
tion in the resistance of the machine, is observed when a cross wire is placed 
so as to divert a great portion of the current from the electro-magnet. The 
four inches of platinum wire, instead of flashing into redness and then dis- 
appearing, remains permanently ignited. The inductorium, which before gave 
no spark, now gave one a quarter of an inch in length ; water was more abun- 
dantly decomposed ; and all the other effects were similarly increased. 

" I account for this augmentation of the effects in the following way : 

" Though so much of the current is diverted from the electro-magnet by 
the cross wire, the magnetic effect still continues to accumulate, though not 
to so high a degree ; but the current generated by the armature, passing > 
through the short circuit formed by the armature branch and cross wire, 
experiences a far less resistance than if it had passed through the armature 
and electric-magnet branches ; and though the electromotive force is less, the 
resistance having been rendered less in a much greater proportion, the result- 
ant effect is greater. 

" I must observe that a certain amount of resistance in the cross wire is 
necessary to produce the maximum effect. If the resistance be too small, the 
electro-magnet does not acquire sufficient magnetism; and if it be too great, 
though the magnetism becomes stronger, the increase of resistance more than 
counterbalances its effect. 

" But the effects already described are far inferior to those obtained by 
causing them to take place in the cross wire itself. With the same applica- 
tion of force, 7 in. of platinum wire were made red hot, and sparks were 
elicited in the inductorium 2\ in. in length. . 

u The force of two men was employed \tv Vtase, *s ^^ ^^vT^^^U 
experiments. When the interrupter of the primarj criXw&fc**^^^ 
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was much easier to move than when it acted. For when the interrupter acted, 
at each moment of interruption the cross wire being, as it were, removed, the 
whole of the current passed through the electro-magnet, and consequently a 
greater amount of magnetic energy was excited, while in the intervals during 
which the cross wire was complete the current passed mainly through the 
primary coil. 

" The effects are much less influenced by a resistance in the electro-magnet 
branch than in either of the other branches. 

" To reduce the length of the spark in the inductor ium (the primary coil of 
which was placed in the cross wire) to \ of an inch, it required the resistance 
of 5 J in. of the fine platinum wire in the cross wire, 5 in. in the armature 
branch, and 4 ft. in the electro-magnet branch. 

" When there was no extra-resistance in either of the branches, the length of 
the cross wire being only about a few feet, the intensity of the current in the 
electro-magnet branch, compared with that in the cross wire, was as 1 : 60 ; 
and when the resistance of the primary coil of the inductorium was interposed 
in the cross wire, the relative intensities were as 1 : 42. 

" In conclusion, 1 will mention that there is an evident analogy between the 
augmentation of the power of a weak magnet by means of an inductive action 
produced by itself, and that accumulation of power shown in the static elec- 
tric machines of Holtz and others, which have recently excited considerable 
attention, in which a very small quantity of electricity directly excited is, by a 
series of inductive actions, augmented so as to equal, and even exceed, the 
effects of the most powerful machines of the ordinary construction." 

Mr. Wilde's machine has been fully described in all the illustrated scientific 
papers, such as "The Engineer" and "The Mechanic's Magazine." The 
writer, therefore, proposes to give drawings of Mr. Ladd's improved magneto- 
electric machine, which he thus describes in the " Transactions of the Royal 
Society," No. 91, 1867: 

" In June, 1864, 1 received from Mr. Wilde a small magneto-electric machine, 
consisting of a Siemens's armature and six magnets. This I endeavoured to 
improve upon, my object being to get a cheap machine for blasting with Abel's 
fusees. This was done by making one of circular magnets, and a Siemens's 
armature revolving directly between the poles, the armature forming part of 
the circle ; with this I could send a very considerable power into an electro- 
magnet, &c. It was then suggested to me, by my assistant, that if the arma- 
ture had two wir6s instead of one, the current from one being sent through a 
wire surrounding the magnets, their power would be augmented, and a con- 
siderable current might be obtained from the other wire available for external 
work ; or there might be two armatures — one to exalt the power of the magnets, 
and the other made available for blasting or other purposes. Want of time 
prevented me carrying this out until now; but since the interesting paprs 01 
C. W. Siemens, F.R.S., and Professor Wheatstone, F.R.S., were read last 
month, I have carried out the idea as follows:— Two bars of soft iron, mea- 
suring 7 J in.X2^ in.Xi in., are each wound, round the centre portions, with 
about thirty yards of No. 10 copper wire ; and shoes of soft iron are so attached 
at each end, that when the bars are placed one above the other there will be a 
space left between the opposite shoes, in which a Siemens's armature can rotate: 
>d each of the armatures is wound about ten yards of No. 14 copper wire, 
nton-covered. The current generated in one of t\ve axmaXKres \s ^taroj* Va. 
annexion with the electro-magnets; and the current {xom^^coxA^rcask- 
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Ture, being perfectly free, can be used for any purpose for which it may be 
required. Tile machine is altogether rudely cutihiiuctcd, and is only intended 
to illustrate the principle ; but with [his small machine three inches of platinum 
wire 'oi can be made incandescent." 

Mr. Ladd now calls his improved machine, which it is hoped may be per- 
manently erected some day at the Polytechnic as a convenient source of elec- 
tricity for all purposes, the " Dynamo- Magnetic Machine " (Fig. 44). 




and 



machine was awarded a silver medal at lite Paris Exhibition, t 
Another form of the apparatus (Fig. 45), also constructed by Mr. Ladd, is 
that in which the two armatures are combined in one, and the coils are wound 
at right angles to each other. 

The results obtained are simply regulated by the amount of mechanical 
force used to rotate the armatures 1 and thus indirectly coal, used as a means 
of uv.-itiri;: electricity-, is made to generate steam, which produces force in 
the steam engine, and this ultimately turns the dynamo-magnetic machine; 
and thus indirectly coal generates an electric cuttetvl, ^ Vw.Or *v& <&sk3&h. 
"ght is obtained. 

A convenient little magneto -el ectrical matSsine V 

■ the purpose of giving shocks and tor tnedicaV \s 







■■■ 

IBSl 



Fig. 45, 



Directions for using the Instrument, — Take the hollow conductors a B off 
from the large studs on which they .ire placed; uncoil their metallic cords 
which are wound upon them, and insert the pins winch are attached to the 
ends of these cords into the small holes which will be found in two upright 
brass studs at the back of the stand of the machine, marked t: d in the dia- 
gram ; then upon holding the hollow conductors, one in each hand, and ti 
ing the handle of the machine quickly, a strong electrical current will he felt. 

A horizontal stud in front of the machine, project ing beyond the frame, serves 
to move an iron feeder before the ends of the large circular magnet. By shift- 
ing this feeder, the strength of the current given out by the machine can be 
regulated within any desirable limit. When the ll-eder is lifted up in front of 
the magnet, the current will be very feeble; when it is withdrawn twite below 
the magnet, it will be very intense. 

Two brass springs project from the brass studs C D ; these springs should 
rest on the edge of a small wheel of ebonite and brass, known as a commu- 
tator. It sometimes happens that, from rough usage in carriage, these springs 
are bent, so that they no longer Couch r 1 1 ■_- edge of the wheel : in this case the 
current becomes greatly weakened, or altogether ceases ; but the machine can 
asily set right by carefully bending down the springs so that they again 
upon the edge of the wheel. 

'c naw come to the last of the induction machines, sometimes called the 
'ducrion coil, the indtictorium, &c. In i3$\,M. Ru\vmYotS, a.Tt\oa *eNtn 
■trument maker in /'arts, made a coil which produ.te.ci wi*ic acKoS&.t'W^ 
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Fig. 46.— Browning's Mugitcto-Ekcfi iial Machine. 



of Paris and London a profound sensation of surprise and delight at the beau- 
tiful light- effects obtainable. 

■■r. Hcarder, of Plymouth, and Mr. Bentley subsequently made coils oi 
,.__.t power; but to Mr. Ladd is due the merit of constructing a serviceable 
apparatus which would .always produce the most reliable results. A'very 
~rge coil, having a secondary coil of seven miles of wire, has long been used 
the Polytechnic. It consists of the usual primary coil, wound round a 
rot of iron wires ; around this is the secondary coil, of the required number 
s in length. The condenser, composed of alternate sheets of tinfoil 
d well dried and varnished paper, is placed under the coil, and, by making 
d breaking contact with the primary by a convenient " con lacl -breaker," an 
ormous current is induced in the secondary, which produces the most bril- 
liant results. 



A Leyden jar or Leydcn plate may be incessantly charged and discharged 
with 3 continuous roar. Paper is immediately set on fire when held between 
the poles. Tubes of glass are filled with various gases or liquids, or rather 
not filled according to the ordinary acceptation of the term, because they arc 
Taata. the last gas which has been permitted to enter the tube alone repre- 
senting the attenuated atmosphere through which the electric current passes. 
The reader is referred to Dr. Noad's little booV.. ciWAVA" TVcXvAvi.O.croasv'; ^ 
id published by Churchill for Mr. Ladd, for aft\\\e TCMwfce 4fc\s&s, W 
'1 ihc primary coil, the secondary, the ccm&imse.T , a.tvi 'fee **™ 




-Piih-ter's Tube. 
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one experiments which, like the "Arabian Nights' Entertainments,' . 

upon the student, but which may ail be performed with the apparatus desci 

Amongst the most interesting experiments, that of Pliicker deserves 

" Two aluminium rin^s are hermetically sealed into a glass tube, 4 or 5 in. 
long and about \\ in. in diameter; the air in the tube is then exhausted as 
perfectly as possible. On passing the discharge from the induction cod between 
the two rings, the tube becomes tilled with a beautiful pale blue light. 




"If the small ring be miidc negative, and the lube placed between the poles 
fan electro-magnet, the moment the latter is excited the light arranges itself 
■\ the form of a broad arc between the rings. 




■'On rendering the electro- magnet passive, the aic cCi&apvea'is, vVtX^V 
' tube re-assuming its different character ■, but, otire-cM^&t 
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Rrc re-appears. If, instead of two rings, the terminals in the tube are two 
inium wires, as shown in Fig. 40. the long wire being made positive and 
trie short wire negative, the arc produced is very broad and brilliant." 

It must be apparent from the preceding figures that the stratification notice- 
able in all experiments of this type is a special object of interest, to which M. 
Gassiot, the generous and large-hearted friend of science, has paid particular 



Speaking of Geissler's (of Bonn) tubes, — one of the prettiest arrangements 
-■---, seen is that of Mr. Apps, and shown in the next figure. 




FlG. 50. — Front View of Gsissler's Tubes, arranged en a disc of blackened 



The back view exhibits the use ot the electro-magnetic engine for rotating 
or reversing the disc. (Fig. 51.) 

The electro-magnetic engine, in a convenient and handsome form, well 
adapted to rotate the vacuum tubes, is attached to the black polished disc, and 
arranged so as to turn in either direction : the speed can be easily regulated. 
The discharge from the coil passes through the entire series of tubes. 

Amongst the remarkable effects produced by the induction coil, there are 
none more interesting than the generation of ozone by the " ozone tube," which 
U thus described by Dr. Noad, and made by Mr. Ladd. (.Fvg. t^ 

It consists of a gfoss tube, about the size of an ck&wwk'j \ks%. \^, e£«&*& 
with tinfoil or. stilt better, silvered, and enclosed vti an ovAec viofe \vw&- <»»-- 
side with unfoil. The two tubes aro sealed togexhet al ttv£ w*X ^ *» w * s * 
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one, and so adji 
the space between 
shall be as narrow ; 
sible. 

At the projecting end 
the inner tub- -- 
button, which 
by a spring with one of 
binding-screws on tl 
of the apparatus, 
■ > be . 






with one of the terminated 
the secondary coil of ai 

ductorium, and the ( 
with another binding-sere 
in metallic commit ni cat iu 
with the coating of the e 
terior tube. 

The apparatus is, in fact, 
t sort of slit l.eydcn jar 
.lid air or oxygen, admittei 
through the lateral tube, be- 
comes during its passai 

through thca.ppara.tr 

erfully ozonized. 

The air may be drirei 
rubber bag, or drawn through with at 







Fig. i2.— The Os, 



Mr. Edward Beanos, who has already done so tnuch in improving 
processes required in the manufacture of sugar, has patented the applicatii 
of apparatus for generating ozone and bleaching syrup, and. although th 
appears to be sonic difficulty in obtaining enough ozone for this purpose, 
experiments hitherto tried arc very promising. 

The writer abstains frnm saying anything about a new gigantic coil, buildi 
for the Polytechnic by Mr. Apps. Like David with his armour, he has r 
proved it : had he done so, this article would have contained an account 
the Mammoth Induction Coil. 
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THERMO-ELECTRICITY. 

Electricity produces magnetism, heat, light, mechanical and chemical effects. 
It is not opposed to the harmony of created forces that heat should produce 
electricity. 




The above battery (Fig. 53), consists of thirty-six elements ; the negative 
bars, which are 6 in. long, being composed of 12 parts of antimony, 5 of zinc, 
and 1 of bismuth; and the positive bars, which are 7 in. long, of copper 10 parts, 
zinc 6 parts, and nickel 6 parts. The bars are ranged on a frame in the slanting 
position shown in the figure, and were facetiously referred to by a writer in 
"Punch "as a "chestnut roaster," the positive bar of the first pair being metal- 
lically connected with the negative of the second, and the two extreme bars 
connected with binding-screws which form the terminals of the battery. The 
upper ends of the bars are heated by a scries of Iiunscn's burners, the flames of 
which can be easily regulated. 

This battery at the Polytechnic, under the charge of Mr. J. L. King, decom- 
posed water, of course very feebly; it gave small sparks between iron points 
without the assistance of a coil, and enabled an electro-magnet to support a 
considerable weight, and, when connected with an induction coil, gave sparks 
which were very marked in their character and length. 

We have now to ask how this apparatus, in which heat takes the place of 
friction, chemical action, or magnetism, elicits electric force. 

Seebeck's apparatus, a rectangular figure, made of bismuth and antimony, 
with ah astatic magnetic needle supported inside, well exhibits the thermo- 
electric action; and, directly one of the angles is gently heated by a spirit 
flame, the needle, like that of the galvanometer with the voltaic circuit, \> 
deflected. (Fig. 54.) 

Pouillet's thermo-electric apparatus (made by Elliott), and already figured 
in Wheat st one's paper on the Rheostat (p. 127V cmw\stmv,cfi a^iA^vcA-iv;.;*- 
bar of Usmath, bent twice at right angles, with 5o\iictci cow 3 wt* A ' w * , ^r R 
to tbe ends, communicating with an ingenious corrtrwawo* w\ >3aa ttasfc- w 
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FlG. 55. — Pouillet Ther mo-Electric Circle* 

completing the electric circuit in any direction, is another and most perfect 
arrangement for showing currents of electricity obtainable by the exciter, 
"heat" (Fig. 550 

On the second or third page of this work, in the article on Light, Melloni's 
small and compact composite " thermo-electric pile " is specially alluded to. 

When the writer was a student, thirty years ago, he well remembers trying 
experiments with this beautiful contrivance for showing minute disturbances 
of heat ; and, at that time, it had the reputation of being delicate enough to 
show the heat of the body of a " fly or a blue-bottle." Exaggeration apart, its 




FlG. 56. -Mellon? s Thermo-Electric Pile or Battery. 

power to show the slightest heat-wave disturbance has never been equalled by 
any other apparatus. It consists of a series of pairs of very slender bars if 
antimony and bismuth soldered alternately together, and arranged parallel 
side by side, so that all the soldered pairs are at one end, and all the solders 
not pairs at the other. This apparatus, mounted in a brass tube and placed 
on a stand, is now the special attendant at all lectures in which the dynamical 
theory of heat is taught. (Fig. 56.) 

The late Mr. Francis Watkins, the predecessor of the Messrs. Elliott, paid 
particular attention to this subject, and constructed ^" TYverrcvo-Electric Com- 
binator." Eighteen pairs of bismuth and antimony, vrcCweft. &\scKtt&|\ii 
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Fig. 57.— Van der Voorfs Thermo-Eiectric Battery. 



solder top and bottom, and fixed' in a mahogany box by plaster of pans, 
leave the two extremities to be acted upon, the one by heat and heated iron 
or boiling oil, and the other by cold — some ice or 0. freezing mixture. All the 
common effects of an electric current, such as the spark, &c, can be shown 
with this contrivance. 

Thus the corelation of forces is complete, and Light, Heat, Electricity, and 
Magnetism resolve themselves into each other, and represent probably a 
series of waves, every one of which is different from the other in the phases 
of its vibrations and rcsukai.t form. 




O. a>*£-^* 
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WHEATSTONE'S TELEGRAPHS. 

The limits of this article will not permit of any lengthened history o 
the clever inventions either proposed or carried out by the various scientifi 
men who have contributed to our knowledge of the science of telegraphy. 

Whatever amount of credit may be accorded to others, there can be but 

one opinion respecting the merits of ;t lining philosopher, whose portrait graces 

the head of this chapter. Foreigners aie usuaXty VCt"j taiftt ani. \wre«*«._ie 

tdeii- expression of the amount of merit due H} their cantet&fatvftKa^ 
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countries. The jury of the French Exhibition of 1855 thus report upon 
Wheatstone : 

" lia transmission de Pelectricite' entre les pays se'pare's par la mer n'a pu 
s'effectuer qu'au moyen de cables particuliers unissant entre elles les stations 
telegraphiques. Mais combien de travaux n'a-t-il pas fallu pour atteindre ce 
but; et meme maintenant que la question est resolue, on ne peut sans admiration 
penser que la transmission des d^peches telegraphiques est aussi facile a Paide 
des cables sous-marins qu'au moyen des fils isol^s et tendus dans l'air. Oest 
par Temploi de ces cables que Ton a pu mettre en relation telegraphique la 
France et FAngleterre, la Crimee et les provinces Danubiennes, les pays enfin 
dans lesquels ces principes ont €t€ appliques, et peut-e"tre bientot l'Europe et 
TAme'rique. Le Jury a vote une mention tres-honorable pour M. Wheatstone 
(Royaume Uni), membre du Jury de la IX* classe, pour avoir concu l'idee pre- 
miere et pour avoir propose, en 1840, un moyen de re*soudre la question; il 
accorde la meme distinction a M. Brett (Royaume Uni), sous la direction 
duquel a et6 place* un conducteur au travers de la Manche, entre Douvres et 
Calais, et qui a montr6 ainsi que le succes 6tait possible. Le Jury decerne 
egalement une mention tres-honorable a M. Crampton (Royaume Uni), 
membre du Jury de la V* classe, auquel revient l'honneur d'avoir realise cette 
immense application, en unissant definitivement, en 1851, par un cable sous- 
marin, la France et FAngleterre." 

Another very distinguished foreigner, A. De la Rive, thus speaks of Wheat- 
stone in his "Treatise on Electricity:" 

" The philosopher who was the first to contribute by his labours, as inge- 
nious as they were persevering, in giving to electric telegraphy the practical 
character that it now possesses is, without any doubt, Mr. Wheatstone. This 
illustrious philosopher was led to this beautiful result by the researches that 
he had made in 1834 upon the velocity of electricity — researches in which he 
had employed insulated wires of several miles in length, and which had 
demonstrated to him the possibility of making voltaic and magneto-electric 
currents to pass through circuits of this length." 

The following is the order of the inventions made by Sir Charles Wheat- 
stone : 

The 5-needle telegraph, 1837. 

The alphabet-dial telegraph, 1840. 

The type-printing telegraph, 1841. 

The new magnetic alphabetic-dial telegraph, 1858-60. 

The fast-speed automatic telegraph, 1858 — 1867. 

Sir Charles Wheatstone, in addition to the other honours he has lately re- 
ceived, has just been elected to replace Faraday as one of the twelve corre- 
sponding members of the " Societa Italiana delle Scienze, detta dei XL.," and 
has also received their first gold medal, instituted during the present year by 
the late Minister of Public Instruction, Signor Matteucci, to honour the most 
important discoveries in physical science. 

The president, in his address, says : 

u I will not here pass in review the various memoirs in physics which you 
have published in the * Philosophical Transactions/ since all carry the impres- 
sion of the inventive genius which ever distinguishes all that you have done. 
I cannot, however, refrain from calling to mind tlvaX to^<3\\^^^N^^^^"- 
covery of the method, as ingenious as it is OT\£\T\a\,fot m^^^^^^^"^* 
of electric currents and the duration of the spatVu 
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The applications of the principle of the rotating mirror are so important 
. so various that this discovery must be considered as one of those which 
have most contributed in these latter times to the progress of experimental 
physics. 

" Not less ingenious was the invention of the stereoscope and of the modes 
by which binocular vision is effected, which enable us to obtain the percep- 
tion of relief from the simultaneous observation of two plane images. 

"Also the memoir on the measure of electric currents, and on all the ques- 
tions which relate thereto and to the laws of Ohm, has powerfully contributed 
to spread among physicists the knowledge of those facts and the mode of 
measuring them with an accuracy and simplicity which before we did 
possess. 

"All physicists know how many researches have since been undertaken 
with your rheostat (see p. 126. and with the so-called Wheatstone's biil.m, 
and how usefully these instruments have been applied to the measure of elec- 
tric currents, of the resistance of circuits, and ot electro motive forces. 

" And here it would be impossible to leave out of view that to you we prin- 
cipally owe the practical invention and the true realization of the electric 
telegraph. 

" Finally, I would call to mind your recent researches on the augmentation 
of the force of a magnet by the reaction which its own induced currents 
exert upon it. 

"All these great acquisitions, procured by you, to physical science render 
you well worth; iif this distinction from the Italian Society of Sciences, 

" Preserve yourself in health and activity, and your country and all your 
admirers and friends are certain to find, in the discoveries still to be added 
while you continue to work, some compensation for that immense and irrej 
rablc loss which natural philosophy has received by the death of Faraday; 

In addition to the memoirs by Sir Charles Wheatstone, alluded toby Signer 
Matteucci, the following may be specially noticed: 

"On the Acoustic Figures of Vibrating Surfaces,'' published in the "Philo- 
sophical Transactions" for 1832. in this memoir, which gained for Sir Charles 
his admission into the Royal Society, the author gave for the first time the 
laws of formation of the varied and beautiful tigures discovered by Chladni. 
Attention has recently been revived to this subject by Komg and others on 
the Continent, 

"On the Transmission of Sound through Solid Conductors" ("'Journal of 
the Royal Institution," 1828]. This memoir describes the means discovered 
by the author of transmitting musical performances to distant places. 

"On the Prismatic Analysis of Electric Light" (British Association, 1832}, 
I5y these experiments Sir Charles proved for the first time lhat the spectrum 
of the electric spark from different metals presented each a definite series o! 
lines differing in colour and position from each other, and that these appear- 
ances afforded the means of distinguishing the smallest fragment of one metal 
from that of another. This investigation was one of the earliest starting- 
points of an entire new branch of physical science, in which there are now 
many distinguished workers. 

"On the Polar Clock" (British Association, 1849). This is an optica! 
instrument which indicates the time by means of the changes in the plane 
)f the sky in the dwccliem o( tt.c ^ole. It 
Arago and QueteXeV, ani Kt*ip ■s.vass S 
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" l'honneur de la construction de lliorloge polaire, je la rcconnais avec em- 
pressement et sans reserve, revient exelusivemcnt \ M. Wheat stone." 

It would carry us beyond our limits to enumerate the various inventions 
relating to the electric telegraph and other applications of electricity which 
have emanated from Sir Charles. We will mention two only. 

We owe to him, in addition to his former inventions relating to the electric 
telegTaph, the alphabetical-dial telegraph, working without any clockwork 
power, and in which a magneto- electric machine supplies the place cf a voltaic 
battery. These instruments were first introduced on the l'aris and Versailles 
Railway in 1846, and, with the improvements which the inventor has since 
made, have been employed to a great extent throughout the kingdom by the 
Universal Private Telegraph Company in furnishing telegraphic communica- 
tion between public offices and private establishments, to which purposes, 
from their facility of manipulation and constancy of action, they are admir- 
ably adapted. 

more recent invention is his fast-speed telegraph, in which the messages, 
iously prepared on strips of paper by manipulations as easy as those for 
sending an ordinary message, ate, by passing through a very small machine 
constructed on somewhat the principle of a Jacquard loom, made to print the 
messages at the remote station in the ordinary telegraphic characters, with a 
rapidity and distinctness unattainable by the hand of an operator. The inven- 
tion of these instruments dales from i8;£; but they have only, with recent 
improvements, been practically introduced, by the Electric Telegraph Com- 
pany, during the last year. Since June last these instruments have been in 
constant action for the ordinary business of the establishment between London 
and Newcastle, printing from sixty to a hundred and ten words per minute. 
The result has been so successful that the company have just resolved to adopt 
"*" m on other leading lines of communication. 

n the report of the Paris Exhibition of 1B5;, honourable mention was 
" ' to Sir Charles, he being hen de cencours, for having been the first to 
the idea, and for having proposed, in 1840, a means of resolving the 
question, of a submarine telegraph between Dover and Calais. 

It may be mentioned in reference to an eminent philosopher, Sir David 
Brewster {whose loss we have had to deplore), that one of the last acts of his 
life was to nominate Wheatstone for election as an honorary member of the 
Royal Society of Edinburgh, thus falsifying the couplet of Dryden, who says, 

" ForgivtntH to the injured tlflM belong; 

In 1868 Wheatstone received the honour of knighthood at the hands of 
his gracious sovereign, and this same year of grace the Royal Society have 
awarded to him their highest distinction, viz., the Copley medal. 

"This in Ihe-late of mini to. nay h= not* forth 

In concluding this brief notice of the laborious and useful life of Wheat- 
stone, we may, in common with all his friends and admirers, be permitted to 
hope that he may pass the evening of his days tt\ peace awi TO «« twjjsfts***- 
of health, and that he will givt to the world, in the, c,a\mttw* o^ to^vmsA ^SPV* 
monograph of the "Labours of his Life." , 

In every- book devoted to the consideration ol etecftxw \.e\eisra.^\ vm-Wm - 
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we find illustrations and descriptions of Cooke and Wheatstone's earlier ii 
tions of the single and double needle telegraph. We will, therefore, comir 
at the year 1840, when he constructed the alphabet-dial telegraph, which the 
writer has always found to be one of the best forms for teaching and demon- 
strating the broad principles upon which motion is developed by a current 
thrown alternately from one electro-magnet to another. Such is the con- 
struction of the telegraph, the dial of which is shown at Fig. 58. 




Fig. s%.—Wheatston<?! first Alphabet- 
Dial Telegraph {1840J. 




Fig. 59.— Wheatstone's 
Communicator (1840). 



It consists of a circular dial, on which the letters of the alphabet are painted 
in black letters on a white ground. The mechanism is very simple. Two electro- 
magnets, with feeders and long arms, strike alternately the pallets ; these take 
up at each blow one tooth of a wheel or escapement, and every time a tooth 
is taken up the hand on the dial moves forward one letter. To make the letters 
on the dial coincide with the letters of the sender of the message, another 
instrument is required, called the " communicator." (Fig. 59.) ' 

This consists of a wheel, upon the circumference of which are thirty alter- 
nations of brass and ivory corresponding to the letters of the alphabet, &c, 
with which also this instrument is provided. There are two springs, one on 
each side, which communicate alternately with the communicator and through 
that to the battery and wires of the dial telegraph. When the communicator 
is turned round'one letter, the hand or the dial moves one letter; and, if the 
instruments are very carefully made, they answer remarkably well 

Wheatstone, however, found that they sometimes missed a tooth in the 
escapement, and, of course, one letter being gone, the message afterwards 
might be very chaotic, particularly when a number of words in rapid succes- 
sion had lo be forwarded. This system was, however, at the time adopted on 
some of the continental lines. 

Passing by the type-printing telegraph of 1841, we now come to the new 
magnetic alphabetic- dial telegraph of 1858 and i860. 

The reader will be able to understand the construction better by reading 
and examining the annexed description and diagrams than if a minute descrip- 
tion of the above instrument (Fig. 60) were given at once. It is, perhaps, 
unnecessary to remark that these instruments are in daily use by the Universal 
Private Telegraph Company. 

Instructions for conneetiug-np the Instruments.— The instruments (commu- 
nicator, indicator 1 , and alarum) at each, station should first be placed in short 
circuit in the following manner (Fig. 61) ; 
Place short wires upon the two upper teiminate, a b,aX ft*\su3t<& 'CafcutS* 




n with (-and if respectively, the switch, 
to point to the letter T— Telegraph. The handle, s, of the c 
then to be turned steadily at a rate of about a hundred and I 
tions per minute, and the index or pointer passed from + to + 
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depressing the finger-key opposite the full stop (.) and the key opposite the 
+ immediately afterwards. If the index of both communicator and indicator 
correspond, the connections will be right ; but should the hand of the indi- 
cator be either in advance or behind the + one space, the connecting wires 
must be reversed. 



......L1IAE-..— 




EARTH 
OR THUS 



% *- LINE... 



... EARTH -' 



Fig. 62. 




a being now joined up to d, and b to c 9 the instruments will be found to coN 
respond in the revolution of their pointers round the dials. The line wire may 
now be connected to the instruments by removing one of the short wires at 
each station, and substituting the line wire and earth wire, as shown at orb 
and c d. The same signal of passing the pointer from + to + is now to be 
sent from station to station, and if the index at the other station falls either 
one in advance or behind, the position of the line and earth wires at one sta- 
tion only must be reversed. 

The hand of the indicator may be reset by gently moving the small button 
under the face backward and forward between the thumb and finger. 

When more than two stations require to be connected up in the same circuit, 
the above rules are to be observed with reference to the signals from + to -f- 
at each successive station, the connections appearing thus (Fig. 63) — 



LINE 



WIRE 




EARTH 



usaw 



Fig. 63. 
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When several stations are in the same circuit, it will often be found conve- 
> introduce the switch, enabling the operator to send up and down the 
line in either direction, without interrupting the communication of those sta- 
tions situated in an opposite direction to that in which he is speaking. The 




through circuit 
Fig. 64. 



-/- 



:, while a is speaking to 6, c can talk to d, e with f, and so on. 
5 system requires that each station has its own siyisal or preface for calling 
mtion, and that when no station is called either up or down the line, the 

indie of the switch remains on the through circuit, as shown in the diagram. 
The switch is generally adapted to the peculiar requirements of the line. 

When alarums or bells are used to call attention, they must be placed in 
circuit by connecting their binding-screws to the two lower binding- screws at 
the back of the indicator. The alarum may be placed at any distance from 
the instrument, in the most convenient position for calling attention. The 
switch, x, of the indicator should point to a, alarum, when no messages are 
being sent, but be turned to T when operations begin. 

Instructions for working the Telegraphs. — The following summary of rules 
for working the telegraph may be advantageously introduced here : 

1. The handle in front of the instrument (Fig. 60), which causes the arma- 
ture of the magnet to rotate, must be kept in continuous motion by one hand, 
while the fingers of the other are employed to manipulate the stops or keys. 
Care must be taken not to intermit the motion until the end of the message. 

1. A key need not be continuously pressed down ; it will suffice merely to 
touch it; but another key must not be pressed down until the index or pointer 
has arrived at the letter previously indicated. 

3. The same key cannot be pressed twice down in succession ; to repeat z 
letter it is necessary to touch the preceding key, and, without waiting fat <3wu 
arrival of the index, 10 touch again the proper Vev. 

4. Before commencing to send a message, v\ic iwle*. (A sNi'Csikw 
must point to +. To bring the telegraph io\\\w yostoOTiNftiRSvoN 
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pin or button on the face of the telegraph must be meved alternately back- 
wards and forwards between the finger and thumb until the index stands at +. 

5. If by inadvertence the index of the communicator has been left at a 
letter, it must be brought to the cross before the telegraph is adjusted. 

6. The pointer of the alarum must invariably, when the instrument is not 
in use, be turned to the letter A. 

7. To call attention for the purpose of sending a message, first turn your 
own alarum off, then rotate the handle of the communicator and let the 
needle pass from + to +. This will ring the bell at the other end. Wait 
an interval of time sufficient to allow of reply. If no reply, continue to call 
in the same manner. 

8. Receiver will notify his attention by repeating the signal. 

9. The receiver will then turn off his alarum, by passing the pointer from 
letter A to T. 

10. A short time must be allowed the receiver before sending, to enable 
him to put his indicator in accord with his transmitter, if it be wrong. 

1 1. At the end of each word the needle to be brought to the +. 

12. Should the receiver not understand, he will send the letter R for repeat, 
prior to giving +. The sender will then repeat the last word. 

13. Every initial letter or part of a word used for abbreviation must be 
followed by the full stop, and the full stop must be given at the end of each 
sentence. 

14. At the end of message, needle to be turned from + to + twice. 

15. Receiver to repeat this double revolution. 

16. If by accident the needle of the indicator becomes misplaced, so as to 
render a message unintelligible, the receiver must break in by pressing down 
several keys in succession. The sender will immediately stay sending. Both 
receiver and sender will then set needles at +, and receiver will give repeat, R. 

17. To signify figures, use the semicolon, and then the +, before and after 
them. 

Instructions for keeping the Instruments in order. — When the telegraph is 
in operation, the handle of the communicator should be turned at a uniform 
rate of 120 revolutions per minute, and the finger-keys should not be depressed 
when the handle is at rest. 

The working parts and bearings of the communicator will require occasion- 
ally to be oiled with good watch-oil, procured from any respectable watch- 
maker. If the oil is good, and the telegraph moderately used, the instrument 
will work eight or ten months without touching ; but, when in constant use, it 
is desirable to apply a little oil regularly every two months. Access for this 
purpose may be obtained to the interior of the communicator by unscrewing 
the bottom of the communicator. The various parts to be oiled are shown in 
the annexed diagram at a, b, c, d; and by dipping the point of a penknife 
into the oil, it may be neatly applied in small quantities where desired. 

If the centre, b, has become worn by constant revolution, and causing the 
armature, e, to touch the iron prolongations of the magnet, the handle will" 
work stiffly or stop altogether. This may be remedied by tightening slightly 
the screw, g (Fig. 65), with a pair of small pliers, or other means sufficient 
to free the armature from contact with the poles of the magnet. 

After long use, the watch-chain, which runs round the rollers on the lower 
plate, for the purpose of mechanically raising eacYv Yey,*aSX£t \\.Yo& Vreu\. 
depressed by the handy may become too slack*, this \s TCm&&&&. Vj *&$&) 
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tightening the screw, A, attached to a lever carrying an extra roller, care 
being taken to leave sufficient slack in the chain to allow of one key always 
remaining depressed, as shown at b (Fig. 66). 




Fig. 66. 



If it becomes necessary to take the communicator to pieces (this operation 
had always better be performed by a clock or watch maker, or other experi- 
enced person), the bottom of the case must be taken off first, and the little 
ivory number-plate in front of the instrument 
pushed out from the inside. This will enable the 
position of the wheel and pinion to be marked 
through the hole of the number-plate, by making 
a scratch (Fig. 67), as at x, across both, care being 
taken in putting together that the marked parts 
of the wheels are placed as before. The magnet 
may then be taken out, having previously un- 
screwed the wires leading from the coils. The 
brass casing which covers the upper portion of 
the mechanism is now to be unscrewed, and the 
ring with the glass, which is only sprung on, re- 
moved ; then the dial card and plate. Unscrew 

the four pillars below, and, after the whole frame \va* \>essv Vafeea* ^J*?^.. 
wooden case,, all may be taken to pieces. It Vtfl \ie T&ressax<3 \» \aa»N»- 




Fig. 67. 



position of the two wheels, h and r, by a scratch across both, befon 
that portion asunder. Oil must be put to the teeth of the wheel k, a 
1, o, and P (Fig. 68.) 




Fig. 68. 



The operation of putting together is as follows: — First put the centre arbor 
and all upon it in the frame, and secure the same by the four pillar screws. 
Then place the finger-keys, the dial-plate, the springs for the keys, the dial, 
the index, and the glass together, and fix the whole on the wooden case. 
Lastly, place the magnet in its proper position, and, when all is ascertained 
to be correct, screw on the brass casing and the wooden bottom of the in- 



The indicator and alarum may be taken to pieces, when necessary, and put 
together again, by marking the proper position of the several parts. In the 
indicator, pivots only require to be oiled, and that in very small quantities. 
The indicator, when good oil has been used, will work without attention for 
two or three years. 




or I Vheats tone's instruments have Vicena.&o'iiVc&'b^'Jw.'a.i 
■cmade,asia Fig. 60, p. 49, very portable an&-«\K$i.-j 
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of all battery power, the trouble of putting batteries together, the supply of 
acids, breakage, and all the trouble that would be multiplied tenfold in the 
hurry of the battle-field. These instruments, as already described, work by a 
current developed by magnetism and by the use of steel magnets ; they are 
made very strong and substantial, and are well calculated to bear the wear 
and tear of military operations conducted in the field. 

The hell is rung, as nearly all other electric bells are rung, by clockwork 
wound up, but stopped by a "detainer." Directly the detent is removed by 
the current, the bell rings. 

The same instruments, connected with enlarged dials, arc used on board 
n-clads. We show an enlarged dial, and can easily understand how 
[Uickly the commander's orders could be conveyed to the engine-room. 




•jq — WhealstonJs enmrged Di<ils, such as are used in the Engine- 
^ of Ships of War. 



The dials, of course, would have special orders printed on them, being those 
given constantly in the navigation of these immense vessels. 

In a very short time, similar dials "ill be placed in the various rooms occu- 
pied by members in the House of Commons, and the dials will show what 
business is in progress and what has been done. The business to be trans- 
acted, being printed in a circular form, is laid upon the dial, and the hand 
points to thai in progress, whilsi :i ]l lv-Siind rt is over. 

The steering of the iron-clads is also to be conducted with the assistance of 
similar dials. 

One of the most useful of Sir Charles Win :■.',-. 
inventions is the instrument he has supplied to vtvc eS\\K« cS. "■ ^\^^g^ 
newspaper to record the number of copies priYited atvci ^vosxo.%, v ™ t 
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reads in his own room the progress of that great undertaking, the daily p 
ing of " The Tiroes," 




FlG. •jii—Wheatstottds luuir.-ii//^ Instrument for Aczuspaper 0$ 
Public Buildings. 

This instrument will record from ten thousand to one million copies. Th 
same contrivance the writer hopes to be able to adopt at the Polytechnic, s 
that, without moving from his office, he will be able to know the number a 
persons in the building. 

These instruments culminate to their highest degree of perfection in th 
inventions of 1S5S and 1 S67, viz., Wheat stone's Fast-speed Automatic Tele- 
graph, of which the inventor givus the following particulars: 

" My invention consists of a new comb inn t ion of mechanism for the purpose 
of transmitting through a telegraphic circuit messages previously preparer 
and causing them to be recorded or printed at a distant station. Long stri| 
"ir ribbons of paper are perforated, by a machine constructed for the purpo; 



A strip thus prepared is placed in an instrument, associated with a rheomotor 
(or source of electric power), which on being set in motion moves it along 
and causes it to act on two pins in such manner that, when one of them i 
elevated, the current is transmitted to the telegraphic circuit in one direction, 
and when the other is elevated, it is transmitted in the opposite direction ; thi 
elevations and depressions of the pins are governed by the apertures an< 
intervening intervals. These currents, following each other indifferently inth 
two opposite directions, act upon a printing or writing instrument at a distan 
station, in such manner as to produce corresponding marks on a ribbon o 
paper moved by appropriate mechanism. 

I will proceed to describe more particularly the several parts of this tele 
graphic system, observing, however, that each part has its independent origi 
n.iliiy. and in.iv lie associated with other apparatus a\rcai^ Yao-jm. 
"The first improvement consists of an "vnstrumenx foe ^fota^wj.'CafS^* 
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of paper with the apertures in the order required to form the message. The 
slip of paper passes through a guiding groove, at the bottom of which an 
opening is made sufficiently large to admit of the to-and-fro motion of the 
upper encf of a frame containing three punches, the extremities of which are 
in the same transverse line. Each of these punches is capable of being sepa- 
rately elevated by an appropriate finger-key. By the pressure of either finger- 
key, besides the elevation of its corresponding punch in order to perforate the 
paper, two different movements are successively effected — first, the raising of 
a clip, which holds the paper firmly in its place, and, secondly, the advancing 
motion of the frame containing the three punches, by which the punch which 
is raised carries the ribbon of paper forward the proper distance during the 
reaction of the key consequent on the removal of the pressure ; the clip first 
fastens the paper, and then the frame falls back to its normal position. The 
two external keys and punches are employed to make the holes which, grouped 
together, represent letters and other characters, and the middle punch to make 
holes which mark the intervals between the letters. The perforations in the 
slip of paper appear thus : 



\o co OO 00 b Q o.0 0> 

} o o OOP o <. 



Fig. 7 2 « 

" The second improvement consists of an apparatus which may be called 
the transmitter, the object of which is to receive the slips of paper prepared 
by the previously described instrument or perforator, and to transmit the cur- 
rents produced by a voltaic battery or other rheomotor in the order and direc- 
tion corresponding to holes perforated in the slip ; this it effects by mechanism 
somewhat similar to that by which the perforator performs its functions. An 
eccentric produces and regulates the occurrence of three distinct movements: 
1st, the to-and-fro motion of a small frame, which contains a groove fitted to 
receive a slip of paper, and to carry it forward by its advancing motion ; 2nd, 
the elevation and depression of a spring clip, which holds the slip of paper 
firmly during the receding motion, but allows it to move freely during the 
advancing motion ; 3rd, the simultaneous elevation of three wires placed 
parallel to each other, resting at one of their ends on the axis of the excentric, 
and their free ends entering corresponding holes in the grooved frame ; these 
three wires are not fixed to the axis of the excentric, but each of them rests 
against it by the upward action of a spring, so that when a light pressure is 
exerted on the free ends of either of them, it is capable of being separately 
depressed. When the slip of paper is not inserted, and the excentric is in 
action, a pin attached to each of the external wires passes, during each ad- 
vancing and receding motion of the frame, from contact with one spring into 
contact with another spring, and an arrangement is adopted, by means of 
insulations and contacts properly applied, by which, while one of the wires is 
depressed and the other remains elevated, the current passes from the voltaic 
battery to the telegraphic circuit in one direction, and passes in the other 
direction when the wire before elevated is depressed, and vice 'uersd \ V>>n&.^\Ssr. 
both wires are simultaneously elevated or depressed, \>aa ^assugs. ^ ^^ ^^" 
rent is interrupted. When the prepared slip of paper \& VftsecXsk ^^^^^^£« 
and moved onwards, whenever the end of one oi toe wsa «c&«» «&.*V**. 
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in its corresponding row, the current passes in one; direction, and when the 
end of the other wire enters an aperture of the other row, it passes in the 
other direction; by this means the currents are made to succeed each other 
automatical I y in the proper order and direction to give the requisite variety of 
signals. The middle wire only acts as a guide to the paper during the cessa- 
tion of the currents. 

"The wheel which drives the excentric may be turned by hand or by the 
application of any motive power. Instead of a voltaic battery, a magneto- 
electric or an electro- magnetic machine may be employed as the source at 
electric power. In this case the transmitter and the magneto-electric or 

I electro-magnetic machine form a single apparatus moved by the same power, 
and they are so adapted to each other, that the shocks or currents are pro- 
duced at the moments the pins of the transmitter enter the apertures of the 
perforated paper. 

"The transmitters just mentioned require only a single wire of communica- 
tion, and currents in both directions are available for printing the signals; but 
in some cases it may be advantageous to employ two telegraphic wires, and to 
use the inversions of current to bring back the pens or markers without flW 
aid of reacting springs. In this case the only modification of the apparatus 
required is in the disposition of the insulations and contacts necessary to trans- 
mit in their proper order the currents from the rheomotor into the two wires. 

"The third improvement is in the recording or printing apparatus, which 
prints or impresses legible marks on a strip of paper, corresponding in their 
arrangement with the apertures in the perforated paper. The pens or styles 
are depressed and elevated by their connection with the moving parts of the 
electro- magnets j they are entirely independent of each other in their action, 
and are so arranged that, when the current passes through the coils of the 
electro-magnets in one direction, one of the pens is depressed, and when it 
passes in the contrary direction the other pen is depressed ; when the currents 
cease, light springs restore the pens to their usual elevated positions. The 
mode of supplying the pens with ink is as follows : — A reservoir, about an 
eighth of an inch deep, and of any convenient length and breadth, is made in 
a piece of metal, the interior of which may be gdt, in order to avoid the corro- 
sive action of the ink placed in it. At the bottom of this reservoir are two 
holes, sufficiently small to prevent by capillary attraction the ink from flowing 
through them. The ends of the pens are placed immediately above these 
small apertures, which they enter when the electro-magnets act upon thorn. 
carrying with them a sufficient charge of ink to make a legible mark on the 
strip of paper passing beneath them. The motion of the paper ribbon is pro- 
duced and regulated by apparatus similar to those employed in Other regisUH 
or printing telegraphs. 

"Instead of reacting springs for restoring the position of the pens, the 
attractive or repelling force of small permanent magnets may be employs! 
All the essential parts of my new recording or printing telegraph are included 
in the previously mentioned three improvements. The following improve- 
ments are either auxiliary or substitutions for pans already mentioned. 

"The fourth improvement is an instrument 'which 1 call a translator ; its 

object is to translate the telegraphic signs, consisting of successions of points 

or marks, adopted in this system, into the ordinary alphabetic ch; 

I the system I have adopted, limiting the number of \ra\tiSsVttsu.«ss 

thirty distinct characters are represented. 
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"The instrument presents externally nine fmger-stops, eight of which are 

ranged in two parallel rows, four in each, and the remaining one is placed 
separately. 

The principal part of the mechanism within is a wheel, on the circum- 
ference of which thirty types are placed at equal distances, representing the 
letters of the alphabet and other characters ; other mechanism is so disposed 
and connected thereto, that when the keys of the upper row arc respectively 
depressed, the wheel is caused to advance I, 2, 4, or 8 steps or letters, and 
when those of the lower row arc in like manner depressed, the wheel advances 
respectively 1, 4, 8, or 16 steps. By this disposition, when the stops are touched 
successively in the order in which the points are printed on the paper — touch- 
ing the first stop for one point, the first and second for two points, &c, and 
selecting the stops of the upper or lower row, according as the point is in the 
upper or lower row of the printed ribbon — the type wheel will be brought into 
the proper position lor placing the k'.t, r corns] loading to the succession of 
points over a ribbon of paper. The ninth stop, when it is pressed down, acts 
lo impress the type on the paper, to cause the advance of the paper, in order 
to bring a fresh place beneath the type-wheel, and subsequently to restore 
the type-wheel to its initial position. 

''The fifth improvement is a modification of the electro-magnets of the 
instrument of the third improvement, which enables the pens to go back to 
their normal positions when the currents in the telegraphic circuit cease, with- 
out the aid of reacting springs or permanent magnets. An extra coil of wire 
is wound round each of the electro -magnetic bars, which act on one side of 
each of the double magnetic needles appropriated to the two pens. These 
coils are entirely insulated from those connected with the telegraphic circuit, 
and form together a short local circuit, in which a feeble voltaic current con- 
tinually circulates, in consequence of the interposition of a small rheomotor; 
by this current the needles arc held, when no current exists in the telegraphic 
circuit, constantly attracted towards these electro-magnets. When, however, 
the current transmitted through ilio teU-graphic circuit acts on the coils, besides 
its direct action to cause the deflection of one of the double needles and the 
detention of the other, it neutralizes the current of the local battery in that 
electro-magnet where its effect for the time would be disadvantageous. 

"The sixth improvement consists in the application of ribbons of paper 
prepared by the perforator, and passed through the transmitter as heretofore 
described, to produce the successive motions of a magnetic needle or needles 
corresponding to the signals required, whether separately employed for this 
purpose or in conjunction with the printing apparatus already mentioned." 

Even these beautiful instruments were not considered perfect by the inde- 
fatigable inventor, and wc again find him, after a most severe illness, recording, 
in 1867, further great improvements in the mechanism of all their parts. 

Improvements in Electric Telegraphs, and in Apparatus 
connected thei 




My present invention (i 867) consists in certain improvements in the various 
ents constituting the electric telegraph sysiem described in the s^jec/.- 
of the patent granted to me on the second da-j (A ^MS\tt, t^Ss- ^S^-. 

■is system comprises three distinct appsera&uses*. tol, 1 ijw' isi ' t *'' t * 
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machine for preparing the messages to be sent on the strips of paper or 
other suitable material ; 

" Second, a transmitter, or apparatus for receiving the strips of paper so 
prepared, and for transmitting the currents produced by a voltaic battery, 
magneto-electric machine, or other rheomotor, in the order corresponding to 
the holes perforated in the strip, the direction and sequence of these currents 
being governed by pins, or other suitable apparatus, disposed so as to enter 
the perforations, and operating in a manner analogous to that in the mechanism 
of a Jacquard loom, and the strip being advanced intermittingly by the action 
of pins or other apparatus appropriated for that purpose ; 

"And, third, of a recording or printing apparatus adapted to print or impress 
marks on a strip of paper, such marks corresponding in their arrangement 
with the currents transmitted to the telegraphic line and with the apertures 
in the perforated paper. 

" Having separately described each system of recording telegraphs, with the 
improvements which form the objects of the present specification, I proceed 
to designate those points which I specially claim as new. 

" First, the modification of the perforator for the dot-printing telegraph, 
which enables it to prepare the strips of paper with an uninterrupted series 
of central apertures ; this modification, described as the first improvement, 
consists of the mechanism being so arranged that when either of the keys 
corresponding with the outer apertures is depressed, besides acting on its own 
punch, it carries with it the punch which corresponds with the central apertures, 
while the latter is alone acted upon by means of another key causing the per- 
foration only of a single aperture at a time. 

"Second, the modification of the perforator, described as the fourth improve- 
ment, having five punches, and the mechanism so arranged that, when the first 
key is pressed, three of the punches in the order described are simultaneously 
acted upon ; when a second key is depressed, four of the punches are in like 
manner simultaneously acted upon ; and when a third key is depressed, the 
single punch only of the central line is acted upon. I claim also, in connec- 
tion with this arrangement, the mechanism by which when either the first or 
third keys are pressed down the paper advances only a single space, and when 
the second key is depressed it advances two spaces ; but be it understood that 
I do not claim the advance of the paper by unequal spaces, unless in connec- 
tion with the arrangement of the punches described. 

"Third, the additions of extra keys to the preceding modification of the 
perforator, with additional punches, described in the fifth improvement, which 
are so arranged that each additional key when depressed, while it punches 
simultaneously all the required apertures, shall advance the paper at once 
three, four, or more steps, so that all the perforations may be simultaneously 
made which are necessary to cause lines of the various required lengths to be 
marked or printed by the receiving instrument. 

" Fourth, the modification of the transmitter, described as the second im- 
provement, whether actuated by a magneto-electric machine or by a voltaic 
battery, in which the central needle alone has a to-and-fro motion for the 
purpose of propelling forward the strip of paper by means of the central 
apertures alone, and not also by means of the external apertures and outer 
pms, as described in the second improvement of the specification of my patent, 
No. 1239 (a.d. i8$8). 
"Fifth, the modification of the transmitter, faaccftxft. *s \W ro&LVGD^m*- 
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t, which is adapted to send into the telegraphic circuit short currents at 
ins intervals and alternately in opposite directions, so as to dctcm 

f printed lines and intervals of various lengths in the receiving 
instrument: in this modification one current-governing needle has a to-and- 
fro motion simultaneously with the central needle, while the other has no such 
motion, the latter acting only while the paper is at rest, and the former while 

"Sixth, the modification of the transmitter, described as the eighth improvc- 

m, which is suited to send into the telegraphic circuit currents of various 

mgtbs in one direction only in a different way to that described as the seventh 

mprovement in my patent, No. 2462 (a.d. i860). The characteristics of this 

w method are, first, that lines of any lengths can be produced, instead of 

s of two different lengths only; second, that the short lines occupy a 

■ter space on the paper than the long lines do ; and, third, that strips of 

raper prepared by the perforators of the third rind fourth improvements may 

e employed to regulate the motions of the needles in order to produc ' 

equired effects. 

"Seventh, the modification of the dot printing receiving instrumen 

"led as the third improvement, in which the pens or markers are acted 

1 by one set of electro-mug nets and magnetic bars, instead of by two 

.. , as described in the specification of my panni. No, 1239 (a.d. 1S58). 

" Eighth, that modification of the printing apparatus of the receiving instru- 

B cf the second and third systems described as the eighth improvement, 

leans of which lines of various lengths are printed with great rapidity, 

Ttainty, and distinctness. The characteristic distinction of this mode of 

inting is, that the inking-disc and tracing-disc arc both independently kept 

motion by the maintaining power, and arc not in actual contact with each 

other, and that the ink is retained on the circumference of the iuking-disc by 

capillary attraction." 

We now give the description of the three instruments: 

I. The perforator. 

II. The transmitter. 

III. The recorder. 




Fro. ji.—The Perforator (1867V 

"Thcpresent improvement provides for the continue rf vYv&w&S*-^'^ 
ons of the paper strip. The punch ing-platc cavtuftAwee ■cw^e^** V*"**.- 
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placed transversely to the path of the paper through the machine. Three leve 
finger-keys act upon the punches in such a manner that whenever either of th 
:r keys is depressed, it acts upon the punch which belongs to it, and at tl 





Fig. 74- 

same time carries with it the middle punch hy means of a collar which is fixef 
thereto, and simultaneously perforates the two apertures; but the depression 
of the middle key acts upon the middle punch alone, and perforates a middl 
aperture only, which is equivalent to a space in the receiving i: 
On the removal of pressure from any finger-key, the corresponding punch u 
punches is or are restored to its or their normal positions by means of a re 
acting spring or springs. A lever and link arrangement, moved by either o 
the three keys, draws back the paper-moving lever during the depression of 
key; the release of a key permits a reacting spring to force the paper-mov 
ing lever forwards and to advance the paper one step, the said lever havin 
a rough end nest to the paper ship for that purpose: this mechanism propel 
the paper quite independently of the middle row of holes. 

" Fig. 7j is a perspective view of a transmitter arranged to work with ti 
line wires; in this instrument, besides the necessary change in the insulation 
and contacts, the mechanical arrangements are slightly varied, the const 
lion shown being more convenient when two line wires are employed t 
that first described, a is a permanent magnet, and b is an armature mour 
on an axis c, so as in revolving to pass in front of the poles of the magnet 
On the axis c there is a toothed wheel, d, which drives the pinion e on th< 
vertical axis/ so that this axis makes twice as many revolutions as the axis c 
at the upper end or the axis/ is a cam,£-, arranged to act on the pin h, whic 
is mounted on a rock ing- frame similar to the rocking-frame of the transmitte 
already described. The pin it is kept in contact with its cam^- by a spring 
The form of the cam is such that the forward molion of the frame is gradual, 
hut its return motion takes place as rapidly as the spring i will react, j i 
another cam on the axis/; it comes in contact with a projection on the lever 
k just as the return motion of the rocking-frame is going to take place, ar 
so causes this lever to draw down the three needles carried by this frame. . 
the same time the tail of the lever k presses on the end of another lever 
which is fixed to the spring-clip m. and so causes the clip, by turning slight 
on its axis, to nip the paper under it. It will be seen that the two outside needle 
carried by the rocking-frame have projections from their lower ends, and whe 
they are allowed to rise by the perforatix! p,-\p. t, as before explained, their 
come in contact with the springs « and 0, which aieAt»YinIte&fc«mi.*lv£« 
he instrument, and are in communication with the v*o\wie "Win*. Q 




Fig. 75.— The Transmitter (1 



e a metal disc is mounted ; it is made in two parts, p and q. which arc 
insulated from each other and from the axis, r and s are two springs, which 
press on the periphery of the disc ns it revolves; the spring r is in metallic 
communication with 1 1 ii- working pans of the instrument, and th»" spring J is 
insulated from these parts, but is put into metallic connection with the earth. 
When one of the needles of the rocking-frame comes into contact with its 
corresponding spring, n or 0, it brings the line wire in connection with the 
spring into metallic communication with the working parts of the instrument, 
and any currents or shocks transmitted 10 these flow into the line wire. From 
the construction of the apparatus, the contact between the needles of the 
rocking-frame and their corresponding springs when established lasts during 
half a revolution of the axis c, and in this period two currents in opposile 
directions arc transmitted into the line wire. The first current acts to bring 
one of the pens or markers of the receiving instrument into contact tj\ti.*fes. 
surface to be marked, and the second current to Wto« ftiw ^tw cr toAw^ 
its original position. It is evident that, if uccesswry, ** vwsMvhws**- ™*^ 
described may be worked with one line wire cmVj, wtowafc WS -^^S&k. ■=? 
made in the instrument; all that is necessary \s toa*, wi vxte«* ,lM * 
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for the message, only one of the outside finger-keys of the perforator should 

be employed {the alphabet or signs err-' ' •"-■"" ™ A >*** .,,^, n ,.ivY 

Or the perforating instrument and the 
modified, if desired, so as to be suita u1 
by constructing the perforator with 
punches, and the transmitter with' •- 



be employed {the alphabet or signs employed being modified accordingly). 

.-, ., r / r _.._ t : — :_ _^_ t an( j (be transmitting instrument may both be 

be suitable only for working with one line wire, 
i in place of three finger-keys and 
place of three needles." 




Fig. 76.— The Recording or Printing Instrument (] 



Another improvement is in the recording or printing apparatus; but as 
the chief parts of this instrument have already been described with sufficient 
minuteness, it is only necessary to refer our readers to page 406 for the details 
of the beautiful mechanism which regulates the marking of the slips of paper 
and the supply of ink to the dotting apparatus. 

The improved instruments are now working between London and New- 
castle, Edinburgh, Manchester, and Glasgow; and they can send and print 
messages Jrom seventy to one hundred and twenty words per minute, accord- 
ing to their exigences. They are also used in connection with the submarine 
cable extending from .Newcastle to Denmark. 
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SIR CHARLES WHEATSTONE'S LAST AND MOST COMPLETE 

TELEGRAPHIC APPARATUS, 
And other beautiful Applications of Electricity— The Chrono- 

' SCOPE AND TEl-EClliAI'H TilKKMOMETER FOR GREAT ALTITUDES. 
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When Sir Charles Wheatstone lurried his attention to fast-speed telegraphs, 
the result was the dot printing. He attained 700 letters per minute; but the 
telegraph companies objected to it, because it necessitated the clerks learning 
the new alphabet, the dots being in two lines (No. 1, Fig. A), the lower dot 
taking the place of the dash in the line or Morse alphabet. In addition to the 
above objections, it is not suited for submarine cables requiring reversals for 
rapid working; therefore. Sir Charles brought out a transmitter to work the 
inking Morse. But words could lie transmitted quicker than the instrument 
would print ; therefore, it remained for Sir Charles to bring out a rapid printer, 




B. — The Line-printing Transmitter. 

which he accomplished, and it is now known by the name of the "line-printer," 
printing the dot and dash aiphahct (No. 3, Fig. A), such as is used by all tele- 
graph companies, printing 600 letters per minute; (he dot and line printing 
differing especially in this respect— the line currents always being inverted 
alternately; in the dot, three or four currents in the same direction sometimes 
follow each other. 

The Line Transmitter with Maintaining Power (Fig. B), is a modi- 
fication of the transmitter described as the sixth improvement for receiving the 
strip prepared by cither of the perforators described as the fifth improvement, 
and transmitting voltaic currents along thete\egtapb.\tcaw2ractat\»'&« , K*«w- 
Pg instrument at the distant station, in accordance WiU\ v\v& &tt*agM«s.».<&'k« 
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perforation? in the paper strip (motion being produced by a weight); the pro- 
pulsion of the paper strip and the makings of the contacts with the batteries 
arc accomplished by the same power; and, by means of levers, beam, eccen- 
tric, and springs, the upper ends of two vertica I ly moving pins, being alternately 
pressed against the paper, are free to enter the perforations, if any present 
themselves; or, being prevented from entering the paper by the absence 
of apertures, they regulate the succession, frcnuency, and direction of the 
electric currents sent into the telegraphic circuit 

The action of the pins in conjunction w'ltu tne paper Strip is as follows: the 







FIG. C.—Line Printer 



only means of propulsion of the paper is by the pins of a star-wheel entering 
the middle perforations, and by its rotation moving the paper forward, the 
' rip being held down by abroad-toothed wheel pressing it against the paper- 
ige, the vertically moving pins entering the notches in the before -mentioned 
wheel, pass through an aperture in the paper, and are carried forward by it, 
interfering with the duration of contact at the lower end of the pins ; 
e reacting springs restore them to their normal position on their downward 
lovement, effected by the levers to which they are attached receiving an 
" xnd-down motion from an oscillating beam, connected with an eccentric 
1 by the maintaining power ; and, on the arrival of an outer aperture 
e side of the middle line of holes, the pin of that side will enter and 
insmit a current in one direction ; and on the presentation or an aperture on 
e opposite side, the pin will also enter and transmit a current in an opposite 
■ection, the apertures in the paper regulating the frequency, direction, and 
ration of the current sent into the telegraph line. 

n the Line Printer or Receiver (Fig, C), the magnetic armatures are placed 

a vertical position ; the central axis is prolonged so as to cany the cross- 

cce, through an aperture in the extremity of which .1 horizontal ■;«!. -^jisfiss.-, 

" *i is mounted at one extremity the 5ma\\,Vi^k u^tm^-&. , y^..-^'^' CS;K \ 

e end, which is loosely centred, so as \o be ca-cvaW- e <A a ^^i™^ 

vement, carries a small toothed wheeY; \,Vas NrtxtA,^w% wSa -' C6Si 
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taining power of the instrument, imparts a rotatory motion to the ti 
the same time that the asis is capable of receiving a to-and-fro 
horizontal plane from the movement of the armatures and arm. 

In the same vertical plane, and immediately beneath the tracing-disc, is an 
inking-disc, caused to rotate, by appropriate gearing, with the maintaining 
power of the apparatus: this disc revolves in a reservoir containing ink or 
other suitable marking fluid. The periphery of the disc is slightly hollowed, 
and the edge of the tracing-disc just enters this hollow without contact or 
friction with the inking-disc; during the revolution of the disc, capillary ' 



n keeps the hollow full of ink, and ; 
be supplied to the tracing-disc. 



and uniform quantity will 







Chronoscope. 

The paper intended to receive the marks is drawn forward at suitable speed 
over a roller in close proximity to one edge of the tracing-disc. It wilt be 
understood that a series of instantaneous alternate currents passing through 
the electro-magnet causes a to-and-fro motion of the tracing-disc, a current in 
one direction pressing the irncing-disc against the paper, where it will remain, 
by reason of the residual magnetism of the electro-magnets retaining the 
armatures in that position, until a current in the opposite direction withdraws 
the tracer from the paper. By this arrangement lines of more than two length* 
can be printed with perfect accuracy in connection with the perforator with five 
keys described as the fifth improvement. Another remarkable instrument is 
Wiieatstone's Chronoscope.— The various parts of this arrangement 
are shown at Fig. D, and employed to ascenain the velocity of projectiles, 
They will be readily understood when we deacv'voe V\ic WW-WVict arAVra^. 
used in the failing bodies experiments, k and b ase &&»%£& ^MVi <A 
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the ball-holder closed to receive the ball, each side being insulated. The 
!f-ctric circuit is not complete; but, at the moment of the release of the hall, 
,Jie two sides will meet and complete the circuit, which, traversing in one 
direction, will start the chronoscope: this will continue running until the ball 
Strikes the target, when it will reverse the current and stop it. The method of 
reversing is readily understood by Land u, Fig, D. Two springs arc fixed to the 
target, which is hinged at one end, the other end falling when the ball strikes 
it. The springs slide over the reversing-ptece, consisting of two poles of the 
battery, which are bridged over at the back, as indicated by the dotted lines, e. 




Fig. E.— ThiCh 



Fig. E represents the chronoscope as arranged for indicating automatically 

! time occupied by falling bodies. A is a column, upon which the ball-holder 

ies, the target being placed at the base; n is the chronoscope, consisting of 

xrkwork mechanism, with two dials, one divided into hundredths, and the 

L er into thousandths, of a second, with hands like a watch, motion being com- 

nicated toit by a weight passing over a pulley, which is regulated by anescape- 

lent with a musical spring, tuned to a thousandth part of a second, caused to 

and by the pressure of air Irom the bellows, C. The clockwork is in twodis- 

:t parts, the driving and the dial parts ; they are made to gear by sensitive 

jnetic needles and an electro-magnet. One pole of the battery is connected 

i the ball-holder, the other with the target; two 'vires from the target 

ct it with the chronoscope, one wire connecting thz baU-WAw -w^^t 

. The poles of the battery arc so arranged. feaA. wcv fee v&skm: <*. " & ^^", 

ie electric circuit is completed, and the dia\s arc VtwgiiV wMi ijatt "^ v\s 

-iagpart; the current is reversed the instanl lWaa\l *U\V« vV^vs^ * 
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Fig. F. — Wheat stents Projectile Arrangement, 
ibJ c. connected with ibe tumiry, b, i.ih) J hc-antaiw'i chronmco 



the dials are disengaged, enabling the operator to read off the time by tl 
hands, without the tedious calculation necessary by other means general]; 
employed. The almost inexhaustible inventive faculty of Wheatstone, eve 
devising new or improving older inventions, is again displayed in his New 
Telegraph Thermometer (Fig. G). 

This instrument was invented by Wheatstone to supply a scicnific \ 
viz., the means of ascertaining, day or night, without making tedious a 
the temperature of any lofty summit — such as that of Mont Blanc, 

The cut (Fig. G) represents the general internal arrangement of ihe instm 
ments requisite to ascertain the temperature at a distant point, two insulatet 
wires connect them, the earth being used to form the third conductor. 

The apparatus includes the thermomctric arrangement, and also an electro- 
magnetic contrivance for converting the vibrations of magnetic needles between 
electro-magnets into a circular motion, for the purpose of altering the electric 



conduction from 
mentioned, there 






the temperature measured by the .nstrument above 
electro- magnetic arrangement, and also a pennancn 
compound magnet with fixed coils, having an armature opposite to its poles 
capable of being rotated by a handle, to produce a series of alternately it 



S3 



I Fig. Q, p. 7t, represents the internal construction of both it 
dotted and other line? represent the wires necessary to conduct the electric 
currents. In the knob a, which is attached to the glass covering the dial, k 
contained a metallic thermometer, having a hand or pointer attached to its axis 
and in the same line is an insulated Brie, with arms. C and J>, proceeding from it 
a spiral spring tending to maintain the contact of the arm C with the hand B 
under this axle is a toothed wheel, F, w\t\\ a mravft-caich, "£,*&* isw&>»iW 
Searing with the pinion G, connected by a S pind\ew'^ , ftte'wVee\^,-m»'™wA 
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n oscillating arm proceeding from the axle, carrying the magnetic needles 
iced between two coils (only one is shown in the drawing) analogous to the 
t of the alphabetical telegraph (Fig. A), o K is a similar arrange- 
I N is a magnetic machine, 

1 an observation is about to be made, the dial of the indicator is ad- 
o zero by means of the rim P, and the handle N rotated, producing a 
:s of positive and negative currents, which may be imagined to take the 
r^e indicated by the arrows, coming from a coil, passing through wire 6 to 




Fig. Q. 



the coils J, the short wire to the axle c D, lo the hand B, and wire 7 to the coils 
of the magnets, thus completing the circuit, causing the needles between the 
coils J to oscillate by their alternate altraclion and repulsion, communicating 
that motion by the arm h j to the wheel H, which, by its peculiar construction, 
will rotate, communicating that motion, by means of the pinion G, to the 
wheel F in the direction CED; the pin E, pressing against the arm d, will draw 
away the arm C from the hand b ; the piece d C will make a partial rotation 
on its axis, or describe an arc by the arms C D, the angle being the number 
of the degrees of temperature, thus breaking the circuit at C li, and completing 
it through n e; the wheel F, and wire 8, including the coils K, imparting motion 
"o the tin nd or pointer o by the same means to those already described, which 
until the catch F arrii'cs at the pin L, corresponding to the zero 
a the scale of the instrument, when it will disengage the pin E from arm D, 
'« spiral spring forcing arm c in contact with the hand B, thus restoring the 
■_ .- t ne i r former condition. 

he circuit is complete through the wires 6 and 7. only the coils j 
action; but when the connections arc made through wires 6 and 8, 
coils are caused (o act. moving the arm c in the thermometer fran\ the. 
point indicated on the dial to the zero, awi ill ftwi S.tv&waxoi \«rc& **■ 
adjusted icro to the highest point, when the KiOUOtv ol X^e "govoSAt ■«■©- 
indicating the stale of the dial b A, 
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I n a paper read by Sir Charles Wheatsrone before the Academy of Science! 
at Palis he thus sums up the advantages of his automatic priming telegraph 
system : 

" I will conclude by offering a few remarks on the advantages possessed b 
this system. 

" Whatever practical dexterity may be acquired by a voluntary operator, th 
result arrived at will be far inferior to that obtained by the automatic proces 
which is only limited by the rapidity with which the recurring motions of ill 
transmitter can be effected. By the present construction of the ii 
five times the quantity of signs at present used can be transmitted t 
rate distances ; though for very considerable distances this rapidity may be 
limited in conductors subjected to inductive influences by the tendency whic 
rapidly recurring short currents have to coalesce. 

" But even if there were no advantage in point of rapidity possessed bytb 
automatic over the voluntary process of transmission, its other advantages 
would be incontestable. For the profitable working of a telegraphic line, it 
necessary that the operator should manipulate as rapidly as is consistent wi" 
a correct transmission of the message: it requires great skill to become a pi 
ficicnt in such manipulations, even when the language in which the despati 
is sent is quite familiar to the operator; but if he would send a despatch in 
language unknown to him, or in cipher, he is obliged to proceed with cautio 
and slowness. In my new system the prepared messages arc transmitted wit 
equal rapidity in whatever language or cipher they maybe; and as the perfo- 
rated bands may be prepared at leisure, and be subjected even to the revisio 
of a corrector, guarantees of accuracy are obtained which cannot be affordci 
by the system of immediate voluntary transmission. Several clerks will be 
required to prepare messages for .1 single telegraphic line in constant activit; 
but, in an economical point of view, their time is of far less importance th; 
the time occupied by the transmission of a message. 

"Another advantage this new system possesses is that the same prepay 
message may be transmitted through any number of distinct lines, if n 
simultaneously, at least in such rapid succession as to be equivalent thereto 
and besides, without any fresh labour, the same message may be retransmltte 
if thought necessary; and service messages in constant use may be prescrvei 
for transmission whenever they may be required. 

"Were this automatic system generally adopted, it might in many instance* 
be more convenient to prepare the messages at the offices from which they are 
sent, the instrument for effecting this purpose being very portable and of sma 
cost. The operations at the telegraph office would in these cases be limitec 
to passing the perforated band through the transmitter at one station and re- 
ceiving the printed message at the other, the translation as well as the pre- 
paration of the message devolving on the department of the administrate 
to which k relates. 

" (n the present case it is not the question to substitute one hind of acquire! 
skii 1 for another kind equally difficult to attain, which would entail great labou 
on .ill the employe's. The great practical dexterity at present required bein 
dispensed with, and the principal and most laborious operation being entirel 
" :, there is little to learn, though there may be something to forget." 
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THE ATLANTIC TELEGRAPH CABLE. 

The resistance of a conductor of any given metal is directly proportional 
to its length, and inversely proportional to its thickness or cross section, 

It was soon found to be necessary, in experiments with thousands of miles 
of cable or insulated wires, to adopt some standard or starting-point, in order 
to ascertain exactly the resistance of the whole. 

The matter was put into the hands of a committee of the British Associa- 
tion, who determined that an English mile of pure copper wire, No. 16, should 
be the B. A. unit; they further constructed a wire of silver and platinum, 
because it was little affected by temperature, which they deposited as the 
standard of comparison, and this length of wire they estimated in figures to 
be 13-59 of the length of the copper wire. Bobbins upon which hundreds and 
thousands of miles of copper wire No. 16 would have to be wound would be 
too bulky and cumbersome to manage; it has, therefore, been arranged that 
German silver, an alloy of about 60 parts of copper with a fraction of lead, 
25 zinc, and 15 nickel, should be employed, because it has about thirteen times 
less conducting power than the same-sized copper wire; consequently the 
standard unit would be represented as follows : 

B. A. unit of German silver wire = ; 3'59 of an English mile. 

The bobbins, having J 3*59 of an English mile of German silver wire wound 
upon them, represent, therefore, a resistance equal to one mile. 

The length of the great Atlantic cable, stretching between Valentin in Ire- 
land and Newfoundland in America, a distance of 3,500 miles, is 1,858 knots, 
and each knot, equal to 74 nautical miles, has an electrical resistance, at a 
temperature of 75" Fahrenheit, equal to 4272 of the above-named B. A. units. 
Consequently 1,858 knots, multiplied by ^271, would give the resistance of the 
whole cable 357,937 0. A. units; or, allowing for diminished resistance caused 
by the low temperature of the bed of the Atlantic, and deducting a certain 
number of units lor that, we have, say, 7,500 B. A. units. 

The resistance of the cable of 1865, according to Mr. Latimer Clark, is 
7,604 B. A. units. The resistance of the last new cable, 1866, is 7,209 B. A. 
units. It is so much better, and the instruments are so vastly improved, that 
they can send from eighteen to twenty words per minute, instead of, as formerly, 
only two and a half. The new cabie has three times more speaking power 
now it is immersed in the Atlantic than it had on board the Great Eastern. _ 

At the commencement of the article on Electricity, great stress was laid 
upon the explanation of the phenomena of induction. The conducting wires 
of the Atlantic cable, formed of a strand of seven wires, each 0048 inch in 
diameter, an J together equal to a wire of o'J44 inch diameter, are surrounded 
with, and insulated by, gutta-percha. 

Such being the case, it is easy to understand that, when conveying an elec- 
trical current, it must become charged like a Leyden jar. The wire is the inner 
metallic coating, the gulta-percha is equivalent to the glass, and the salt water 
outside the other metallic coating. This enormous Leyden jar measures in its 
inner coating about 425,000 square feet, and it was l\vi cYiax^ji ^RWo.V-ivos&.'Nsi 
the- cable that seemed at first to negative and desVto^ a\V feo^e cS sjs&Sswi. 
messages quickly. This very property is now found. l.o\)e.mcis,\.N^i3^,^-™- 
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FlG. 77.— Thompson's Reflecting Galval 
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is made use of lo expedite the sending o[ the signals, and in brief terms ma; 
be thus described : 

The cable is first charged until, like a Leyden jar, it will bear no more 
order to send a message, it is discharged ; and it is the latter operation, ai 
upon instruments of wondrous delicacy, that enables the operator to send the 
message. 

Sir William Thompson's reflecting galvanometer needle is a notable illus- 
tration of the perfection to which a galvanometer may be brought ; and his 
original insirument has been surpassed and brought up to a still higher pitel 
of refinement by Mr. Hcckcr, the learned and obliging head of the instrumen 
department at Messrs. Elliott's. The writer understood him to say that he 
was making one to show a resistance of one in a million units. 

iMr. Becker arranged a most excellent series of instruments for demonstra 
ting at the Polytechnic. The Thompson's reflecting galvanometer needlewitl 
Wheatstone's bridge arc shown above (Fig. 77), as exhibited at the above 
named institution by the writer. 

The reflecting galvanometer needle must first engage our attention. It coi 
sists of two large flat bobbins, n h (Fig. 78), upon which are wound man 
hundred yards of insulated fine copper wire, and, in the instrument made forth 
writer, they were placed on hinges, so that they could be placed down, like ih 
lid of a box, to disclose the delicate needle — a small magnet, a, made of watch 
spring about an inch Jong, and weighing only a few "vains, arid hung by a 
narrow piece of tape ; because a filament of stiV^Vf ttiaAeftiesas^S*((i,> 
have caused the instrument to be too delicate lor \eUutc-tc 




FlG. 78.— Thompson's Reflecting Galvanometer Needle, with the Bobbins 
opened to show the suspended Needle. 

Fastened to the little magnet is a circular mirror, ground slightly concave, 

d weighing only a few grains; upon this is thrown from an aperture in a 
copper lantern a few rays from the o_\y -hydrogen li^lit These are reflected 
upon a scale of ; ft. 6 in. in length, so that the spot of light when it traversed 
the scale could be seen by an audience of one thousand people. 

The movements of the spot of light are, of course, those of the magnet, and 
in order that the latter should be acted upon only by the currents sent through 
the instrument, and not by terrestrial magnetism, n curved steel magnet, work- 
ing up or down or right and left, or a brass rod, is placed above it, and is 
most convenient for keeping the axis of the little mirror a, with its attached mag- 
net, exactly between and parallel with the two bobbins b e, or, in other words, 
reflecting the spot of light to zero. C and D represent the connecting screws. 

But, perfect as this galvanometer is, it would not have enabled the writer to 
teach others much about resistances and other interesting points connected 
with theAUantic Telegraph cable, unless he had used an instrument for which 
it credit has not been given to its distinguished inventor, VYhcalstone, 

The Differ ential resistance Measurer. 
This instrument (better known by the name of Wheat stone's Bridge) was 
o constructed by Mr. Becker on the largest scale (Fig. 77). The board is 
L long and 2 ft. Sin. wide; the lozenge-shaped brass ^\3\.e's a.i<: VV^.f'-At. 
efour breaks with binding-screws, and, bv us\v^\ao>iV\wiiiV^^™ 
->. unit of German .silver wire was wavnvd, t\\e au4SeT.ce -*3S. ™^^_ 
tnd that each bobbin represented a mile of pure co^« -svte,^ - 
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In the lecture-room, the resistance of two miles, as compared with one mile 
of wire was clearly demonstrated. The resistance of two equal pieces o 
wire was shown to be altered by heat, obtained by merely touching one « 
the hand or putting it into the mouth. 

Three tubs of water, containing three lengths of wire, measuring one h 
dred yards, were supposed tn represent the Atlantic Telegraph Cable, a 
were balanced against a resistance coil. Directly the miniature cable wa: 
broken, the spot of light became violently agitated when the key was presset 
down; and it was shown that, time permitting, the lecturer could discover not 
only that the wire was broken, but ivktre it was broken — just as they c; 
discover any place thousands of miles from England, and deep down in I 
of the Atlantic Ocean, where an accident may have happened to the cable 
they can determine the precise spot, and, by sending a proper vessel with 
tackle, can pick up and reunite and repair the broken part, as they did in the 
recovery and resplicing of the old Atlantic Telegraph Cable. 

The Differential Resistance Measurer is fully described by WheatstotlC in 
the "Transactions of the Royal Society," 1S43, Part 1I„ p. 323, 

For the sake of the young student, and considering also that the constnit 
tion and principle of Wheatstrme's bridge frequently form the subject of a 
examination question, the writer gives the following diagrams and explana- 
tions, which he trusts will be found useful. 

For the sake of simplicity, the brass bands and breaks only are shown. 

The galvanometer is supposed to be resting in the middle of the board, the 
battery 011 the right, and the connecting key on the left. 



> 




Fig. 79.— Diagram I. 



For the sake of discussion, it is supposed that the current coming from tl 
'tiery, bo, is represented by twelve pans', vnese, wv axftrvn&a*.« 1 ttgn& 
'ide into equal parts ; six go in the dirccUon K , ami av*-\ix 'Crc csiict. k. 
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Fig. 80.— Diagram II. 

The two currents, represented by arrows, both pass through equal resistance 
coils, A' A, and the respective currents might pass direct to the key K (where 
contact is made or broken), and through that to the other pole of the battery ; 
but the currents are partially arrested by the equal resistance coils, B' B, and 
a portion of the currents is forced into or diverted into the galvanometer, G N. 

The use of the coils, or any other resisting matter, on the other side of the 
galvanometer is to force, or rather gently to impel, a p&tt o£ 1\\& cucreefc. vs&s* 
the galvanometer; because, if this was not done, t\ve defocX^^^^^^^ 
small it might be barely perceptible. wmds* 

Let us say, for the sake of discussion, that two paxts ^>* *» ^^ ^ 
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meter from Q, and two parts from s ; such currents, coming in opposite direc- 
tions, must oppose each other's progress through the galvanometer, and there- 
fore the needle of the latter does not move. 

We have only now to suppose that 4+2=6 proceed from Q' to R, and 
4+2=6 by S to R; the two added together make 12, the original quantity 
started with, which proceeds through the key and connecting wire to the other 
pole of the battery, B a. 

The second diagram (Fig. 80) consists of two parts, viz., Part I. and Part II., 
and it is recommended that the latter be traced on tracing-paper by the stu- 
dent, who can place it upon Part I. The current again is represented by 
twelve parts. The resistance of the coil at a', Part I., being less than A, Part 
II., the greater part of the current, say 8 a' parts, go through the former, and 
4 a through the latter, consisting of a piece of copper wire and a resistance 
coil ; therefore, returning to Part I., the current going by a', through Q', to G N, 
the galvanometer needle, forms at the point Q* a greater partial current (say 
three parts) than the current going by A, Part II., which divides at Is, and is 
represented by, say, one and a half parts ; therefore, the current that deflects 
the galvanometer is the greater current going by Q', Part I., and marked 3; 
consequently it amounts in imagination to a struggle between the current going 
by q', Part I., represented by three parts, and the current going by S, Part II., 
or one and a half parts. The issue cannot be doubtful ; the greater current, 
three, overcomes the lesser, one and a half. In Part I., 4+3=7 go by B; and 
in Part II., five go by B ; and, if the two are added together, they again make 
the twelve parts, which, as before, travel through the key and connecting wire 
to the other pole of the battery, B a. 




Fig. 81.— Diagram III. 



This diagram (Fig. 81) explains the use of t\ve u \K\o.&e" for com^xYw&the 
conductivity or resistance of wires of different metaVs ox OAftwsox. \swg&s» <& 
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the same wire. The lower part, A B, of the bridge, marked in dotted lines, 
is not required, its place being filled by a long German silver wire stretched 
from P to R, and provided with a scale divided, say, into twenty parts ; on this 
wire slides a clip or binding-screw, s, and this is connected with one of the 
galvanometer-screws, the other screw of the galvanometer being connected 
with Q. 

In this case, we are to suppose it is being used to ascertain the relative 
lengths of wire of the same metal, diameter, and conductivity. The clip, s, 
has been moved from the centre, c, to No. 13*334 on the scale painted below 
the wire, P R. The clip has been moved to 1 3*334, or until the galvanometer 
is at rest ; this quantity, 13*334, is double that of R S, therefore the resistance 
at b' is shown to be half the resistance at a', because a' has two coils, or two 
miles of wire, and b' one mile; so that it is shown, without any previous know- 
ledge of the absolute length of the two coils at A (the wire under examination), 
that it is double the length of the known quantity, one mile at B', because the 
scale from R to s is 6*666, and that from PtoSi 3*334, and, if one is added to 
the other, thev make up the whole scale of 20. 




Fig. 82.— Diagram IV. 

The object of the diagram (Fig. 82) is to explain the use of the arrange- 
ment (Fig. 81, Diagram III.), for the purpose of discovering the exact point 
under the Atlantic Ocean where the cable is supposed to be broken. As before, 
the lower part of the bridge is not used : the wire, P R, and scale are employed 
in this experiment. 

The current, starting from the battery B a y arrives at P, where it splits into 
two currents : one passes along the wire, P R, and the other is supposed to go 
through the cable marked " Cable," at a'. The galvanometer needle is brought 
to rest by the balancing of the resistance of the cable by various resistance 
coils, R C, at B' : this supposes the cable to be perfect when the clip, s, is in 
the centre. 

Let us now imagine that the cable is broken at X. Tha *s^o>\. ^\y^*vwkv 
Thompson's galvanometer needle (see Fig. 77, ^. l£> \a ^sw ^^^^J* 
agitated or deflected when the contact is made \to\v VYve \»X\erj ^^^5^ «* 
current, instead of travelling through the whole \etv^cv ol *&v£ ca&fca, 
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short cut, as shown by the short arrows ; its path or resistance is decreased 
enormously, and it no longer balances with the resistance coils, R C, at B'. To 
make it balance, the clip, S, is moved to V; then by measuring the distance 
Crom R to y, and the distance from P to Y, on the graduated scale, it is easy by 
a calculation to discover the distance from the shore where the rupture has 
taken place, v is supposed to be Valentia, and M, Newfoundland ; E and E 
arc the wires which go out into the sea, and arc usually designated as " earth- 
plates" in all diagrams, to prevent confusion. 





Fiu 83-— Diagram V. 

The last diagram (Fig. S3) is intended to give the student a general notion 
of the apparatus required to send the electric current, i.e., " messages," through 
the great Atlantic Telegraph cable. 

We commence at V, Valentia. B a is the battery connected with the earth- 
plate, E'; K is the key connected with the other pole of the battery at a; E' is 
the earth-plate (not really so, as it is a wire running into the sea) ; W w repre- 
sents the cable under the water, passing across to N, Newfoundland, where the _ 
electric force enters the condenser, c (an arrangement of mica plates and tin- 
foil, fulfilling the same office as a Lcydcn battery), through the galvanometer, 
O; R c is a large. resistance coil connected with the earth-plate and also with 
the cable at the point O : one side of the condenser is also connected with the 
earth-plate. 

The course of the electric force is certainly tortuous, but, once studied and 
understood, is one of the most simple and beautiful processes of reasoning 
that the lover of science can desire. 

As the cable is now represented in the diagram, a current can pass from the 
battery, Ba, through K, at the point it, to the caWe,aml\.\vta\i^,hit to the point 
o, where the greater part will pass through cs,\he g^twwMsauaM^w&n "&»«»>■ 
^enser, c; the other part of the current passing {tcmO,ftmnM^ , aafcW)Btf«BU* 
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coil, R c, to the earth-plate e', and from e' back to the battery B a, through 
the other earth-plate, e'. 

The current, in passing through the galvanometer, deflects it until it has 
fully charged the condenser, when it returns to zero. 

The signals are sent by pressing down the key, K, and so putting the cable 
to earth as the key is pressed down upon b, which is connected with the earth- 
plate e'. The consequence is that the electrical tension of the cable falls below 
that of the condenser ; a current then flows from the condenser, c, through 
the galvanometer, G (deflecting it, the deflection being the signal), to the 
cable, in order to establish the equilibrium of the latter. 

At a banquet given, at the Polytechnic, by the chairman and directors of the 
Royal Polytechnic to Sir Charles Wheatstone and the scientific men of Lon- 
don, at which many noblemen and gentlemen assisted, the writer was enabled, 
by the kindness of the various telegraphic companies, to bring the wires into 
the Polytechnic ; and, whilst the company were seated, the following message 
was sent to the President of the United States, and his answer received, as re- 
printed in "The Evening Post," New York, Wednesday, January i, 1868 : 

" Cable News. — Advices from Europe to December 30, 1867. — The follow- 
ing advices by the Atlantic Telegraph have been received : 

"international courtesies. 

" London, December 24. — At a banquet given at the Royal Polytechnic on 
Saturday night last, in reply to the following sentiment from the Duke of 
Wellington and Sir Charles Wheatstone, a despatch from the President of the 
United States was read amid great enthusiasm. Not a little of the interest 
attaching to these despatches grows out of their rapid transmission : 

"MESSAGE OF THE DUKE OF WELLINGTON TO THE PRESIDENT OF 

THE UNITED STATES. 

"' Royal Polytechnic, London, December 2i.-^The Duke of Wellington, the 
directors and scientific guests now at the Royal Polytechnic, London, Eng- 
land, send their most respectful greeting to the President of the United States, 
their apology being that to the discoveries of science the intercourse between 
two great nations is indebted.' 

" [The above message was 9 minutes 30 seconds in transit from London to 
Washington, as follows : London to Heart's Content, 4 minutes 30 seconds ; 
Heart's Content to Plaister Cove, 1 minute 30 seconds ; at Plaister Cove, 30 
seconds; Plaister Cove to New York, 1 minute 30 seconds; New York to 
Washington, 1 minute 30 seconds.] 



" REPLY. 



uc Washington, December 21. 
" i Duke of Wellington, London: I reciprocate the friendly salutation of the 
banqueting party at the Royal Polytechnic, and cordially agree with them in 
the sentiment that free and quick communication between governments and 
nations is an important agent in preserving peace and good understanding 
throughout the world, and advancing all the interests of civilization. 

"'Andrew Johnson.'. 

" The reply occupied 29 minutes in actual transmission. Ctav "&\s. <5«xss^ 
evening, a message of twenty-two words was started ixom \k& ^^v^kksr- 
for Heart's Content at exactly 9 p.m., and at 9.10 tiaa xe^j <& w^sfc^r^ 
words was delivered" 
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The completion of the articles on Light, Heat, Electricity, and Mag- 
netism, &c, cannot be better consummated than by a report, which appeared 
in the " Literary Gazette," of Faraday's lecture at the Royal Institution, 

On the Conservation of Force. 

" When we occupy ourselves with the dual forms of power, electricity and 
magnetism, we find great latitude of assumption : and necessarily so, for the 
powers become more and more complicated in their conditions. But still there 
is no apparent desire to let loose the force of the principle of conservation, 
even in those cases where the appearance and disappearance of force may 
seem most evident and striking. Electricity appears when there is consump- 
tion of no other force than that required for friction ; we do not know how, 
but we search to know, not being willing to admit that the electric force can 
arise out of nothing. The two electricities are developed in equal proportions ; 
and, having appeared, we may dispose variously of the influence of one upon 
successive portions of the other, causing many changes in relation, yet never 
able to make the sum of the force of one kind in the least degree exceed, or 
come short of, the sum of the other. In that necessity of equality we see an- 
other direct proof of the conservation of force in the miast of a thousand 
changes that require to be developed in their principles before we can consider 
this part of science as even moderately known to us. One assumption with 
regard to electricity is, that there is an electric fluid rendered evident by excite- 
ment in plus and minus proportions. Another assumption is, that there are 
two fluids of electricity, each particle of each repelling all particles like itself, 
and attracting all particles of the other kind always, and with a force propor- 
tionate to the inverse square of the distance, "being so far analogous to the 
definition of gravity. This hypothesis is antagonistic to the law of the con- 
servation of force, and open to all the objections that have been, or may be, 
made against the ordinary definition of gravity. Another assumption is, that 
each particle of the two electricities has a given amount of power, and can 
only attract contrary particles with the sum of that amount, acting upon each 
of two with only half the power it could, in like circumstances, exert upon one. 
But various as are the assumptions, the conservation of force, though wanting 
in the second, is, I think, intended to be included in all. I might repeat the 
same observations nearly in regard to magnetism, — whether it be assumed as 
a fluid or two fluids or electric currents —whether the external action be sup- 
posed to be action at a distance or dependent on an external condition and 
lines of force — still all are intended to admit the conservation of power as a 
principle to which the phenomena are subject. The principles of physical 
knowledge are now so far developed as to enable us not merely to define or 
describe the known, but to state reasonable expectations regarding the un- 
known; and I think the principle of the conservation of force may greatly 
aid experimental philosophers in that duty to science which consists in the 
enunciation of problems to be solved. It will lead us, in any case where the 
force remaining unchanged in form is altered in direction only, to look for the 
new disposition of the force, as in the cases of magnetism, static electricity, 
and perhaps gravity, and to ascertain that as a whole it remains unchanged 
in amount; or, if the original force disappear, either altogether or in part, 
it will lead us to look for the new condition ox form of force which should 
result, and to develop its equivalency to trie force \\\aX\va.s &\sg^£gre&u \3*&- 
^ when force is developed, it will cause us to cotisa&sx Ws. ^wfandci 
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existing equivalent to the force so appearing; and many such cases there are 
in chemical action. When force disappears, as hi the electric or magnetic 
induction after more or less discharge, or that of gravity with an increasing 
distance, it will suggest a research as to whether the equivalent change is one 
within the apparently acting bodies or one cxicrnal (in part) to them. It will 
also raise up inquiry as to the nature of the internal or external state, both 
before the change and after. If supposed to be external, it will suggest the 
necessity of a physical process, by which the power is communicated from 
body to body ; and in the case of external action, will lead to the inquiry 
whpther, in any case, there can be truly action at a distance, or whether the 
ether, or some other medium, is not necessarily present. We are not permitted 
as yet to see the nature of the source of physical power, but we are allowed 
to sec much of the consistency existing amongst the various forms in which it 
is presented lo us. Thus if, in static electricity, we consider an act of induc- 
tion, we can perceive the consistency of all other like acts of induction with 
it. If we then take an electric current, and compare it with this inductive 
effect, we see their relation and consistency. In the same manner we have 
arrived at a knowledge of the consistency of magnetism with electricity, and 
also of chemical action and of heat with .ill ilie former ; and if we see not the 
consistency between gravitation with any of these furms of force, I am strongly 
of the mind that it is because of our ignorance only. How imperfect would 
our idea of an electric current now be if we were to leave out of sight its 
origin, its static and dynamic induction, its magnetic influence, its chemical 
and heating effects? or our idea of any one of these results, if we left any of 
the others unregarded? That there should be a power of gravitation existing 
by itself, having no relation to the other inttin-til /i'tovj', and no respect lo the 
law of the conservation oj force \ is as little likely as that there should be a 
principle of levity as well as of gravity. Gravity may be only the residual 
part of the other forces of nature, as Mossotti has tried to show ; but that it 
should fall out from the law of all other force, and should he outside the reach 
either of further experiment or philosophical conclusions, is not probable. So 
we must strive to learn more of this outstanding power, and endeavour to 
avoid any definition of it which is incompatible with the principles of force 
generally, for all the phenomena of nature lead us to believe that the great 
and governing law is one. I would much rather incline in believe that bodies 
affecting each other by gravitation act by lines of force of definite amount 
(somewhat in the manner of magnetic or electric induction, though without 
polarity), or by an ether pervading all parts of space, than admit that the 
conservation of force can be dispensed with. It may be supposed that one 
who has little or no mathematical knowledge should hardly' assume a right lo 
judge of the generality and force of a principle such as that which forms the 
subject of these remarks. My apology is this : 1 do not perceive that a mathe- 
matical mind, simply as such, has any advantage over ;m equally acute mind 
not mathematical in perceiving the nature and power of a natural principle of 
action. It cannot of itself introduce the knowledge of any new principle. 
Dealing with any and every amount of static electricity, the mathematical 
mind can and has balanced and adjusted them with wonderful advauvvrji, 
and has foretold results which the experinientalYil «vaCj»\vo\aoTc.ijM\A^> ->,v- 
But it could not discover dynamic electricity, \vw eYfecVto^-w.'^v^---^- ^'~ 
magneto-electricity, nor even suggest them*, tWv;l\\\tao«« fc J t ' fl ° 
Hie experimentalist, it can take lliem up with cs-ttewve va.c\fef- ^ ^ 
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of the force of gravitation, it has calculated the results of the power in such 
a wonderful manner as to trace the known planets through their courses and 
perturbations, and in so doing has discovered a planet before unknown ; but 
there may be results of the gravitating force of other kinds than attraction 
inversely as the square of the distance, of which it knows nothing, can discover 
nothing, and can neither assert nor deny their possibility or occurrence. Under 
these circumstances, a principle, which may be accepted as equally strict with 
mathematical knowledge, comprehensible without it, applicable by all in their 
philosophical logic, whatever form that may take, and, above all, suggestive, 
encouraging, and instructive to the mind of the experimentalist, should be the 
more earnestly employed and the more frequently resorted to when we are 
labouring either to discover new regions of science, or to map out and develop 
those which are known into one harmonious whole ; and if in such strivings 
we, whilst applying the principle of conservation, see but imperfectly, still we 
should endeavour to see, for even an obscure and distorted vision is better than 
none. Let us, if we can, discover a new thing in any shape; the true appear- 
ance and character will be easily developed afterwards. Some are much 
surprised that I should, as they think, venture to oppose the conclusions of 
Newton : but here there is a mistake. I do not oppose Newton on any point; 
it is rather those who sustain the idea of action at a distance that contradict 
him. Doubtful as I ought to be of myself, 1 am certainly very glad to feel that 
my convictions are in accordance with his conclusions. At the same time, those 
who occupy themselves with such matters ought not to depend altogether upon 
authority, but should find reason within themselves, after careful thought and 
consideration, to use, and abide by, their own judgment. Newton himself, 
whilst referring to those who were judging his views, speaks of such as are 
competent to form an opinion in such matters, and makes a strong distinction 
between them and those who were incompetent for the case. But, after all, 
the principle of the conservation of force may by some be denied. Well, then, 
if it be unfounded even in its application to the smallest pari, of the science of 
force, the proof must be within our reach, for all physical science is so. In 
that case, discoveries as large or larger than any yet made may be anticipated. 
\ do not resist the search for them, for no one can do harm, but only good, 
who works with an earnest and truthful spirit in such a direction. But let us 
not admit the destruction or creation of force without clear and constant proof. 
Just as the chemist owes all the perfection of his science to his dependence 
on the certainty of gravitation applied by the balance, so may the physical 
philosopher expect to find the greatest security and the utmost aid in the prin- 
ciple of the conservation of force. All that we have that is good and safe, as 
the steam-engine, the electric telegraph, &c, witness to that principle, — it 
would require a perpetual motion, a fire without heat, heat without a source, 
action without reaction, cause without effect, or effect without a cause, to dis- 
place it from its rank as a law of nature." 
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delight LO .Uell -He 1. ■,.-.,; .■ Iji.:[l u:IJ :.'..n<: story ■--- ! ■- 1 --." 1 1 i*. t'> iu[^u;u 111 Itsejf, or furnish 



&a&nh6 IVarne & Co., Bedford Street, Co-sent Garden. 



Elegant Presentation Books. 



Large crown 8vo., cloth gilt and gilt edges, price *js. 6d. 
WITH SOO ILLUSTRATIONS. 

THE ANIMAL CREATION. 

* 

& popular Entrotmctum to 2oologg. 
By T. R Y M E R JONES, F. R. S. 



Large crown 8vo., cloth gilt and gilt edges, price 7*. 6d. 
WITH 200 ILLUSTRATIONS. 

THE NATURAL HISTORY OF BIRDS. 

& popular Entrotmction to ©rmtfjolocrn. 
By T. RYMER JONES, F.R.S. 



The Standard Book of Games and Sports. 
In large crown 8vo., cloth gilt, gilt edges, 896 pp., price I or. 6d. 

THE MODERN PLAYMATE. 

& SSoofc of (Karnes, sports, anti Sibersums for 33ogs of all &<rcs. 
Compiled and Edited by Rev. J. G. WOOD. 

With 600 New Illustrations, Engraved by Dalziels, Hodgkin, &c 



In crown 8vo., cloth gilt and gilt edges, price *]s. 6d. 

THE HOME BOOK OF PLEASURE AND INSTRUCTION. 

An Original Work, with 250 Choice Illustrations. 
Edited by Mrs. R. VALENTINE, 

Editor of " The Girl's Own Book," "Aunt Louisa's Picture Book," &c. 

This volume aims to be a Standard Book for Play, Work, Art, Duty — Games foi 
Play-hours, Work for Leisure in the Home Circle, Art for the Cultivation of Taste, 
and Duty to ensure Home Happiness. 



In crown 8vo., cloth, gilt edges, price 7-r. 6 J. 

FLORA SYMBOLICA; 

OR, 

THE LANGUAGE AND SENTIMENT OF FLOWERS. 

Encluomg JFloral ^oetrg, Original ano Sclcctrtr. 
Compiled and Edited by JOHN INGRAM. 
With Sixteen Pages of Original IWnsttaVivoxs, ^t\x\\s& vcv O&swx*. 



Frederick Wanie &* Co., Bedford Street, Oueut Garden.. 



WATERTON'S NATURAL HISTORY. NEW EDITION. 



Crown 8vo., cloth gilt, price *]s. 6d. 

ESSAYS ON NATURAL HISTORY. 

By CHARLES WATERTON. 

Edited, with a Life of the Author, by Norman Moore, B. A. f 
St. Catherine's College, Cambridge. 

With Original Illustrations and Steel Portrait. 



THE STANDARD WORK ON ANGLING. 



In large crown 8vo., cloth gilt, price 6s. 

THE MODERN PRACTICAL ANGLER. 

3 Complete &ufte to JHgdFisijing, Bottom JFisfjmjj, ano trolling. 
By H. CHOLMONDELEY PENNELL. 

Illustrated with Fifty Engravings of Fish and Tackle, and a Coloured Frontispiece 

of Flies. 



By the same Author. In large crown 8vo., cloth gilt, price 5-f. 

THE BOOK OF THE PIKE. 

Fully Illustrated. 



A VALUABLE WORK OF REFERENCE. 



In large crown 8vo., half-bound, 750 pp., price 10s. 6d. 

A MANUAL OF 

DOMESTIC MEDICINE AND SURGERY. 

By J. H. WALSH, F.R.C.S. 

Illustrated by Forty-four Page Engravings, Sixteen printed in Colours, of the 

Skin Diseases. 



General Heads of the Contents of this Work : — 

General Laws which Regulate Health and Disease. 

The Elementary Forms of Disease — Their Causes and Symptoms. 

The Method Employed in the Removal of Disease. 

Therapeutics. 

The Practical Applications of the Principles of the Healing Art. 

The Management of Children in Health and Disease. 

Domestic Practice of Medicine and Surgery in the Adult. 

Glossary and Index. 



&sa?sr/<r£ IVarne & Co., Bedford Street, Covent Garden* 



By W. ROBINSON, F.L.S., 

Author of "The Parks, Promenades, and Gardens of Paris," &c 



In demy 8vo., half red roan, price 15^. 

THE HORTICULTURIST; 

OR, 

THE CULTURE AND MANAGEMENT OF THE KITCHEN, 

FRUIT, AND FORCING GARDEN. 

Illustrated with numerous Engravings by J. C. LOUDON. 
Revised by W, Robinson, F.L.S. 



In large crown 8vo., cloth gilt, price *js. 6d. 

LOUDON'S 

AMATEUR GARDENER'S CALENDAR: 

lieing a Monthly Guide as to what should be Avoided, as well as what should be 

Done, in a Garden in Each Month. With Illustrations. 

Revised by W. Robinson, F.L.S. 



In large crown 8vo., cloth gilt, price Js. 61. 

HARDY FLOWERS. 

Descriptions of upwards of Thirteen Hundred of the most Ornamental Species, and 
Directions for their Arrangement, Culture, &c. With Frontispiece. 

By W. Robinson, F.L.S. 



In large crown 8vo., cloth gilt, price 6s. 

MUSHROOM CULTURE, 

ITS EXTENSION AND IMPROVEMENT. 

With many Illustrations, and an Account of Every Phase of the Culture as practised 
in England and France. Figures and Descriptions of Seventeen of the most 

important Edible Kinds are also given. 



In fcap. 8vo., cloth extra, price 3*. 6d. 

VEGETABLES, FLOWERS, FRUIT: 

THEIR CULTURE AND PRODUCE. 

By ELIZABETH WATTS. 
With Practical Plates and Colour^ lXVxi^x^oxv^ 



frfdtric/t IVame 6* Co., Bedford Street* Ccuent Garden, 



An Important Addition to any Library. 
A' Necessity to any Literary Man. 
An Unsurpassed Compilation of Facts. 



In large crown 8vo., cloth, 1,100 pp., price 10s. 6J. 

TOWNSEND'S MANUAL OF DATES. 

In this completely New Edition the number of distinct Alphabetical Articles has 
been increased from 7,383 to 11,045, the whole Work remodelled, every date verified, 
and every subject re-examined from the original authorities. 

In comparison with the latest edition of the hitherto considered best work on the 
subject, Townsend's "Dates" now contains nearly double the number of distinct 
Alphabetical Articles. 

"We have, on more than one occasion, found in the first edition of 'The Manual of Dates ' informa- 
tion which we have sought for in vain in other quarters. The new edition will be found more complete, 
and consequently more useful, even in an increased proportion to its increased size. ' The Manual of 
Dates' is clearly destined to take a prominent place among our most useful books of reference. " — 
Notes and Queries. 



In large crown 8vo., cloth gilt, price *]s. 6 J. 

EVERY-DAY BOOK OF MODERN LITERATURE. 

365 Authors, 365 Subjects, 960 pages. 

Compiled and Edited by GEORGE H. TOWNSEND. 

" A volume of excellent taste, portly and staple, and admirably adapted for school presents." — The 
Graphic. 



Small crown Svo., cloth, 580 pp., price 3^. 6J. 

THE 

PUBLIC SCHOOL SPEAKER AND READER. 

<& Selection of $rose antr Ferse from fHotoetn anto &tantiar& <&utijors. 

Classified and Arranged for the use of Public Schools, with full Instructions in the 

Art of Elocution. 

Compiled and Edited by J. E. CARPENTER, M.A., Ph.D. 

" The book will, no doubt, be accepted in schools as a standard work." — Observer. 



Srsafcr/s& tVame & Co., Bedford Street, Covent Garden/^ 
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